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STATEMENT OF FOCUS 



The Wisconsin Research and Development Center for Cognitive 
Learning focuses on contributing to a better understanding of 
cognitive learning by children and youth and to the improvement 
of related educational practices. Hie strategy for research and 
development is comprehensive. It Includes basic research to 
generate new knowledge about the conditions and processes of 
learning and about the processes of instruction, and the subse- 
quent development of research-based instructional materials, 
many of which are designed for use by teachers and others for 
use by students. These materials are tested and refined in school 
settings. Throughout *hese operations behavioral scientists, 
curriculum experts, academic scholars, and school people interact, 
insuring that the results of Center activities arc based soundly 
on knowledge of subject matter and cognitive learning and that 
they are applied to the Improvement of educational practices. 



Tills Technical Report is from the Situational Variables 
and Efficiency of Concept Learning Project in Program l. General 
objectives of the Program arc to generate new knowledge about 
concept learning and cognitive skills, to synthesize existing 
knowledge, and to develop educational materials suggested by the 
prior activities. Contributing to these Program objectives, the 
Concept Learning Project has the following five objectives! to 
identify the conditions that facilitate concept learning in the 
school setting and to describe their management i to develop and 
validate a schema for evaluating the student's level of concept 
understanding; to develop and validate a model of cognitive 
processes In concept learning* to generate knowledge concerning the 
semantic components of concept learning, and to identify conditions 
associated with motivation for school learning and to describe 
their management. 
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ABSTRACT 






This study was designed to investigate the effects on immediate 
acquisition , retention and transfer of presenting selected geometry con- 
cepts to sixth graders. Effects of immediate acquisition and of transfer 
were measured immediately after presenting the lesson3. Effects of 
retention were measured 1, 11, and 21 days after completion of the lessons. 
Two experiments were run. The first experiment investigated the differen- 
tial effects on short- and long-term retention of expository versus dis- 
covery methods of presenting the concepts. The second experiment investi- 
gated differential effects on immediate acquisition and transfer, of 
expository versus discovery methods of presenting the concepts. 

Lessons were prepared using two presentation methods. Under the 
expository method, the name of the concept was given followed by positive 
and negative examples in which the relevant attribute was explicitly stated. 
Under the discovery method, a series of examples were given first. Ss 
were asked to describe the examples and to state how they were alike and 
how they were different. After all examples were presented, the name of 
the concept and its relevant attributes were given. 

The subjects, who were sixth-grade children, studied the prepared 
lessons during a class period on four consecutive days (groups in the 
transfer experiment had lessons on five consecutive days). Ss were given 
a test O' the concepts presented, either immediately after completion 
of the lemons for the immediate acquisition and transfer groups, or 1, 

11 or 21 days afterwards for the retention group. No was tested more 
than once. 

The findings of the study were as follows: 

1. Method of presentation differentially affected retention 
of the material. Test scores of Ss who received lessons 
in the expository mode decreased over time, while the 
scores of Ss who received lessons in the discovery mode 
increased over time. This interaction between method of 
presentation and retention interval was significant. 

2. Method of presentation did not differentially affect 
transfer. 

3. Method of presentation did not differentially affect 
immediate acquisition . 
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Chapter T 
INTRODUCTION 



History of the Problem 

Is it better to define a concept for a child and then Illustrate 
with a sequence of examples, or to allow the child himself to induce? 
or deduce the concept fron a series of examples? Psychologists have 
examined this question for several decades without reaching a definitive 
conclusion. Some psychologists (e. g, , Ausubel , 1967) state that it is 
better to toll the older child the principle first and then illustrate 
with examples. Others (e. g. ,l>runer , 1961) hold that there are more ad- 
vantages to allowing the child to discover the concepts and principles 
himself. The formulation of the question in the terms used above is of 
recent origin, but the ancestry of the problem is long, and its resolu- 
tion has been sought by men of letters and science for over two thousand 
years . 

The "history 11 of this problem can be traced back, as can many 
other problems in modern psychology, to a similar controversy in the; 
writings of Plato. In The Republic , after he has told the parable of 
the cove, Socrates concludes, "but then, if T an right, certain 
professors of education must he wrong, when they say that they can 
put knowledge into the soul which was not there before, like sip, hi into 
blind eyes" (Plato, 1963). Socrates was arguing for the existence of 
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innate ideas as opposed to knowledge put into the soul, which was 

apparently being advocated by the "certain professors of education. 1 ’ 

These professors, it would appear from history's perspective, were 

to carry the day, however. Instruction via lecture and admonition 

appears to have been unopposed in ancient Rome, and throughout the 

Middle Ages. But the issue was revived with the publication of Emile . 

Rousseau stated it this way: 

Direct the attention of your pupil to the phenomena 
of nature, and you will soon awaken his curiosity; 
but to keep that curiosity alive you must be in no 
haste to satisfy it. Put questions to him adapted 
to his capacity, and leave him to resolve them. 

Let him take nothing on trust from his preceptor, 
but on his own comprehension and conviction: he 

should not learn, but invent th e sciences [italics 
mine]. (Boyd, 1956) 

Herbert Spencer was more vehement still: 

Nearly every subject dealt with is arranged in 
abnormal order: def inirions , and rules, and 

principles being put first, instead of being 
disclosed, as they ate in the order of nature, 
through the study of cases. And then pervading 
the whole, is the vicious system of rote learning, 
a system of sacrificing the spirit to the letter. 

See the results. What with perceptions unnaturally 
dulled by early tiiwarting, and a coerced attention 
to books—what with the mental confusion produced 
by teaching subjects before they can be understood, 
and in each of them giving generalizations before 
the facts of which these are generalizations — 
what with making the pupil a mere passive recipient 
of other's ideas, and not in the least leading him 
to be an active inquirer or self-instructor-- 
and what with taxing the faculties to excess; 
there are very few minds that become as efficient as 
they might be* (Spencer, 1860, pp. 47-48) 

In the first half of this century the controversy raged again 
between traditional and progressive education as characterized by 
Dewey (1938). He stated that "the history of educational theory is 
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narked by opposition between the idea that education is development 

from within and that it is formation from without . " He portrays the 

controversy between traditional and progressive education as an 

example of the debate in action. 

To imposition from above is opposed expression and 
cultivation of individuality; to external discipline 
Is opposed free activity; to learning from text and 
teachers, learning through experience; to acquisition 
of isolated skills and techniques by drill, is opposed 
acquisition of them as means of attaining ends which 
make direct vital appeal; . . . etc. (1\ 19) 

But even to the present time, the issue does not appear to be either 

resolved or dead. 

It is well to note that discovery is being advocated by all of 
the foregoing because it is the more "natural", or more "proper" 
way of learning and not because it might produce better retention, or 
because it might be more efficient. Such contentions are not, 
therefore, operationally definable nor empirically testable, and the 
results of the studies reported in the remainder of this dissertation 
cannot be introduced as support for one position or the other. Later 
researchers h~ve tended to concentrate their attention on such factors 
as retention, where empirical research can be brought to bear on 
the question. 

Inconclusiveness of the Debate and Research 



Psychologist^ too, have joined in the debate and introduced 
empirical 1 abora tory- type research towards its resolution. Chapter 3 
reviews a series of experiments, starting in 1932 and continuing to 
the present, which have addressed themselves to this problem. This 
research is general Ly reported under the rubric of discovery learning. 
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The most complete discussion of this literature and the controversy that 
surrounds it is bos': reported in Learning by Discovery: A Critical 
Appraisal (Shulman & Keislar, 1966). Despite this history of interest, 
debate, and research, there is little evidence of a definitive nature 
which can be brought to bear on the question posed at the beginning of 

7 

this dissertation. Summarizing the findings of the Conference of 
bourn [ng l>y Discovery , hJoyd MorrJsett (1966) concluded 1 1 i ; t l " resea rcli 
on tlu* Lopfc of discovery ... is relatively Impoverished . . . 

first in the range of variables that have been considered * . and 
second Ln the subject matters that have been studied" (p* J79). Wiltrock 
(1966) prefaced his review of the research with the warning that the 
current state of research on discovery is very disappointing and pre- 
cludes any important conclusions about teaching and learning" (p. 45). 

He states that research in the field suffers from problems witli the 
conceptual issues, methodology, semantic inconsistencies, and lack of 
general i zabil ity . 

This dearth of significant findings in the research to date has not, 
however, lessened the conviction of many educators (e.g„ Davis, 1966) 
and psychologists (e.g., Bruner, 1961) that the issue is an important one 
for education and that further research should be expended toward its * 

resolution. The equivocal nature of the findings taken in toto , probably 

* 

emanates from several sources. Critical examination of the literature 
indicates that the controversy simultaneously revolves around epistemological, 
ethical, psychological, pedagogical and theoretical questions. Among 
the points of view noted above, it can be seen that Socrates represented 
a purely epistemological point of view, Dewey a pedogoglcal approach 
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from an epistemological base, Rousseau a pedagogical position from an eth- 
ical base, etc. It is also entirely probable that the polarity in points of 
view between Ausibel and Bruner noted in the first paragraph arises less 
from the difference in their psychological approach than from their differing 
definitions of the word "better" as it is used in the question. This situa- 
tion points to the necessity of an increasingly rigorous definition of both 
independent and dependent variables used in the research as well ns more 
explicitly stated questions or hypotheses. This happily, has been the 
direction researchers have moved in recent years. One of the most impor- 
tant considerations is assessment of the effect on learning and retention 
of various methods of presenting stimulus materials to students in class- 
room situations. The present study addresses itself to this question. 

Tliis point of view avoids the epistemological "red-herring" intro- 
duced with the word "discovery" . The conclusion of the Conference on 
Learning by Discovery was that even such a basic consideration as the 
definition of discovery was not agreed on by the participants. Howard 
Kendler (1966, p. 1976) in his concluding remark at the conference 
pointed to the confusion and lack of communication involved in the use 
of the word "discovery" and called for its abandonment. Abandonment 
of the word "discovery," however, is highly unlikely, and furthermore 
will not solve any problems, A more acceptable approach in this author f s 
opinion is: (1) to formulate a more acceptable definition of the 

concept discovery ; and (2) to accept the position that pedagogical 
questions such as that posed at the beginning of tills chapter can he 
answered without reference to the epistemological phenomenon or the 
psychological process called "discovery." 
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background of t h o rresent Study 

The question "Is it better to define a concept for a child and theP 
illustrate with a sequence of examples, or Lo allow the child himself t? 
induce or deduce the concepts from a series of examples?" was posed at 
the beginning of this dissertation, As noted earlier, this question 
can be answered in a s t raight forward manner, once "better" has been 
operationally defined, without any reference to "discovery learning". 
Nevertheless, the question itself evolved directly from a scries of 
studies on discovery learning, and the parameters and questions of the 
present study can be traced back to that series of studies, U'lttrock 
(I960) makes a useful distinction between studies of discovery as an 
intervening variable and studies of discovery as an independent variable. 
The studies of discovery as an Intervening variable are more directly 
related to psychological theory, to an examination of the psychological 
processes involved in discovery. These studies yielded few definitive 
results. Later studies have concentrated on identifying functional 
relationships between independent and dependent variables and have 
less commitment to the concept of discovery per se. It is primarily 
from this last group of studies that the present experiment evolved. 

A second useful way of looking at the research on discovery learning 
is to group the studies into those performed in psychological 
laboratories and those performed in classrooms with curricular 
mater ia Is . 

Studies by Kersh (1958, 1962) and Gagne and brown (1961) are 
characterized by Wittrock as investigations of discovery as an 
intervening variable, hut can he classified as laboratory studies. 
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Kerah (1958) found a No-Help group superior to a Direct Learning 
Group. In a later study» Kersh (1962) found that Rote Learning 
and Guided Discovery groups were superior to a Directed Learning 
group. It should be noted that Rote * earning was equivalent to No- 
Help and, therefore, the most extreme discovery group. Gagne and 
brown (1961) found that a Guided Discovery group performed best 
while n Rule and LxampJe group was worst. 

Among tlu* studies of discovery as nil intervening variable using 
curricular materials in the classroom are those fcy Swenson (1949) and 
Anderson (1949). Swenson found no differences among the groups on 
measures of retention but found that results of transfer tests 
generally favored the Generalization (Discovery) group. Anderson, 
like Swenson, worked with sixth graders and found an interaction 
between treatment and ability level, as measured by the Minneapolis 
School Ability Test. Performance was best for low ability students 
unde i t ne n rill method, and best for the high ability students 
under the Discovery method. The discrepant results of these 
studies, and the impossibility of comparing either their dependent 
or independent variables prohibit firm conclusions regarding dis- 
covery learning. 

A second group of studies are those characterized by Wittrock 
as studies of independent variables. Craig (1953, 1956), Kittcl (1957), 
Haslcnui and Myers (1958), and Wittrock (1963) typify this kind of 
study. Craig (1953) varied the amount of guidance given to four 
groups. Results indicated that the amount of guidance was directly 
and positively related to re tent ion and transfer, haler, Craig 
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(1956) compared two groups, a No-Help and a Directed Group. On an 
immediate transfer test and on a transfer test 31 days later the 
Directed group was superior. On a test for transfer administered 
3 and 17 days after the test, no differences were found. Kittel 
(1957) found that an Intermediate Direction group was superior on 
both retention and transfer tests, to a Minimum Direction group 
and a Maximum Direction group. Haslerud and Myers (1958) found a 
Direct ■! group superior on a test of immediate acquisition but 
inforio no a test oi retention. Wit truck (1963) found that an 
intermediate amount o£ direction produced greater retention and 
transfer than minimum and maximum direction. 

The following two studies typify discovery studied as an 
independent variable in classrooms, with curricular materials. 

Twelker (1967) examined the effects of expository and discovery 
learning and their interaction with teachers' use of praise and 
guidance. No clear cut findings favoring either treatment emerged. 
Worthen (1968) found that the Expository treatment was superior on 
a test of initial learning while the discovery group was superior 
on a retention test and on a test of transfer of heuristics. 

The studies just cited illustrate the problems involved in 
making statements about the relative effectiveness of discovery 
learning. One study found no differences between expository and 
discovery learning, another found expository learning superior on 
a test of initial acquisition but discovery learning superior on a 
retention test. The other studies evidence the superiority of no, some, 
and much guidance. The source of this confusion is no doubt due in 
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purl to tin' fact that although the task in the various studios is 
usually clearly stated, the characteristics and dimensions of the 
materials themselves are not specified* Since number and sequence 
of examples, ratio of positive and negative instances, and amount 
and kind of feedback have been shown to be powerful variables 
affecting learning of concepts, if such descriptions are omitted, 
labels such as "intermediate directions" are virtually meaningless. 

Worthen 1 s study introduced more rigor into the definitions of 
expository and discovery learning, defining them in terms of the 
sequence of stimulus presentation. Worthen 1 s study was, however, of 
long duration and under the direction of various teachers. This 
raises questions about the amount of guidance that may have been 
given by teachers, and effects of reinforcement from Interaction with 
teachers, aside from the effectiveness of the written material. it 
is not clear from Worthen's study, what the effect of the written 
material alone might be. Worthen's study also suffers from the lack 
of definition of stiumlus materials mentioned above. Finally, Worthen 
tested each S on five different dependent variables administered 
consecutively. The effect of earlier tests c ',e later tests was 
not ascertained. in examining the variables he chose v Worthen had to 
necessarily forego examination of a number of other variables. by 
locking at teacher effects, he could not assess the effect of Hie print- 
ed material alone. 

The present study examined the effects of two methods of pre- 
senting material in printed form only. Materials were const rue Led 
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such that number and sequence of examples, ratio of positive and 
negative instances, and amount and kind of feedback as well as the 
principle to be discovered could be specified for each concept intro- 
duced. Finally, in this experiment only two tests were administered 
to each one embedded in the lesson material, and one after comple- 
tion of the lessons, so that spurious effects would be eliminated. 

Wor then's use of ''expository' 1 and "discovery" to describe the manner 
of presenting the stimulus material will be used in Ihe study. 

The intent of this dissertation is to make a contribution at 
three levels. (a) ?he experiments assessed the effects of expository 
and discovery methods of presenting selected geometry concepts on 
retention and transfer. (b) Materials were prepared along specifiable 
dimensions. A complete description of the material utilized will ho 
given for each presentation method. (c) A description of the concept 
d iscover y is presented which may be useful in comparing findings of 
previous studies and in designing future studies. 

Purpose of the Experiment 

The experiment was designed to investigate the effects on reten- 
tion and transfer of two methods of presenting selected geometry 
concepts to sixth graders. The effects on retention were measured 
at three points: 1 day after completion of the lessons, 11 days 

after the completion of the lesson, and 21 days after the completion 
of the lessens. The effect on transfer was measured immediately 
alter completion o 1 the last lesson. Assessment of the effect ok 
method of presentation on immediate acquisition nl the selected 
concepts was also measured immediately after completion ol the lessons. 
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The following specific questions were asked: 

1* Is there a difference in the level of retention of the selec- 
ted quadrilateral concepts at 1 day, 11 days, and 21 days for students 
who are presented the concepts in an expository mode and students who 
are presented the concepts in a discovery mode? 

2, Does presenting a set of concepts on triangles in the expos- 
itory or discovery mode differentially affect the subsequent learning 

of tin* selected quadrilateral concepts presented in either the expos- 
itory or discovery mode? 

3, Does the level of immediate acquisition of the selected 
quardi lateral concepts differ for students who arc presented the con- 
cepts in an expository or discovery mode? 

Experiment 1 will address itself to question 1* Experiment 2 
will address itself to questions 2 and 3. 

Method 

A pilot study was run to answer logistical questions regarding 
administration of the lessons and test, pinpoint problems In the pro- 
cedure, and test for effects of the lessons which had been prepared. 
The methodology of the main study was based on the results of the 
pilot study, 

Subject s , Ss were 256 sixth-grade students from six schools in 
Stevens Point, Wisconsin. Eleven classes which had no prior training 
in the concepts being presented were used. 

Task, A series of lessons were presented to the Ss f one Iosmui 
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pur diiy • The* series consisted of either four or five lessons, depen- 
ding or. the treatment group (see Tables 4 and 5 for complete listing). 

Thu content and structure of the lessons is described in the section 
on Materials* I wired lately following the last lesson for those Ns in 
the transfer group and 1 day, 11, or 21 days later for the other groups, 
a test to determine level of retention of the concepts was admin ist e red. 

Procedure . Ss were randomly divided within schools Into 13 groups. i 

All Ss except control groups were first presented two introductory 
lessons. Experiment 1, which addressed itself to question 1 above 
contained nine groups. Croups 1, 2, and 3 were presented lessons on 
quadrilaterals In the discovery mode; Group 1 was tested J day after 
presentation of the last lesson, Croup 2 was tested 11 days afterwards, 
and Croup 3, 21 days afterwards* Groups 4, 3, and 6 were presented 
lessons on quadrilaterals in the expository mode, Group 4 being tested 

I day later; Croup % 11 days later; and Croup 6,21 days afterwards. 

Groups 7, 8, and 9, and the control groups, received placebo lessons 
on unrelated materials and were tested at the same times as the 1 day, 

II day, and 21 day groups above. 

Experiment 2 addressed itself to questions 2 and 3 above, and 
contained six groups. Groups 10 and 11 were presented a lesson on 4 

triangles In the discovery mode; Croup 10 was then presented lessons 

■ 

on quadrilaterals in the discovery mode, while f r oiip 11 was present t*d 
lessens on quadr i l.it erals in the expnsilnty mode. Ciotips 12 and il 
were pi esented a lesson on triangles In the expository mode; < roup l? 
then received lessons on quadrilaterals in the tliscoveiy mode and 
Croup M received lessons on quadr i laterals in t he expository modi . 
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Groups 14 and J, did no<. receive lessons on triangles; Group 14 
received lessons on quadrilaterals In the discovery mode and Group 
15 received lessons on quadrilaterals in the expository mode. 

Groups 10 through 15 were tested imnediately on completion of the 
last lesson. Tables 4 and 5 show tha Groups , and lesson and Lest 
sequence . 

Significance of the Stu dy 

Since the independent variables under investigation proved to have 
significant effects on retention or transfer or both, this may have 
possible implications for the manner in which printed materials, such 
ns textbooks and other reading materials, are prepared for sixth- 
grade children. The structuring of the materials used in this study 
is such that it will allow for systematic variation in subsequent 
experiments to arrive at optimal conditions of presenting such 
printed materials. The same structuring should provide a vehicle 
for constructing lessons in other curricular material so that it 
can be determined if the effects obtained are generaiisable to other 
subject matter. Finally, the dissertation will essay a comprehensive 
description and definition of discovery which might ho used ns a 
cormon denominator in ccmparing the studies in the literature and in 
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E P I S TEMOLOG I CA L NOTES ON DISCOVERY 

i 

Although "discovery" and "discovery learning" care used fre- 
quently in the literature in educational psychology and teaching « 

practice, the usage is inconsistent and the concept appears to be 
very poorly understood. The purpose of the present chapter is to 
increase understanding of what is implied by the use of the word 
"discovery." The chapter is not, however, intended as a compre- 
hensive treatise on the subject. Rather it will describe the 
epistemological phenomenon called discovery as opposed to the 
psychological process of discovery, and will seek to clarify the 
problem of what is discovered. 

Review of the Problem 

Vfhen one speaks of "discovery", what exactly is one talking 
about! If one even briefly reviews the psychological litera- 
ture it would appear that one might mean one or all of a variety 
of events, processes or phenomena. The word is used in quite 
different ways by different psychologists and the reader has the 
unhappy job of deciding whether each usage is a subset of some larger 
meaning or whether the psychologists are applying the same words 
to different and independent phenomena or processes. The decision 
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must be made, however, if one is to judge the scope, generali- 
zability and applicability of the research results cited. The 
following samples will illustrate the variation in the use of 
the word "discovery." 

Robert Glaser (1966) stated that discovery sequences are 
characterized by two properties: inductive sequences and trial and 
error learning. Gagne (1966) said that discovery involves infer- 
ring (a) an Internal process of search and (b) an internal pro- 
cess of selection. He then suggested that discovery so described 
could occur at each of the seven levels in his hierarchy of 
learning. Kagan (1966) equated the "inferential approach" with 
the discovery approach, and stated that the discovery method 
required the child to infer a major principle "without e xcessive 
guidance from an external source." (italics mine), in addition 
to this he described discovery as teasing out a simplifying rule. 
Bruner's (1961) definition of discovery is so broad as to "include 
all forms of obtaining knowledge for oneself by the use of one's 
own mind." A little farther on in the same article, is a more 
restrictive definition, i.e. that "discovery is in its essence a 
matter of rearranging or transforming evidence in such a way that 
one is enabled to go beyond the evidence so reassembled to addi- 
tional new insights." This resynthesis, he added, is not always 

dependent on new information. Shulman (1970) in a recent article, 

/ 

represents discovery a _la Gagne as going from the simple to the 
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complex and discovery a la Bruner as going from the complex to the 
simple. Shulman also places the roots of Bruner's model in the 
Socratic method. Worthen (1968) describes the discovery method of 
teaching as one where "verbalization of each concept or general- 
ization is delayed until the end of the instructional sequence bv 
which the concept or generalization is to be taught." The students * 

are first given a scries of examples of the concept. 

i 

Examination of these definitions and descriptions suggests 

that some psychologists are defining discovery as an epistemological 

event while others are defining it as a psychological process. The 

difference between these characterizations might be summarily described 

as the difference between stating what is acquired and when it can be 

said to have been acquired 9 and stating how it is acquired. This 

distinction will be elaborated in the remainder of the chapter* 

Although the definitions in the preceding paragraph are not en- 

✓ 

tirely precise it appears that Gagne in his definition is describing 

a psychological process; Kagan is describing an cpis tcmologicaJ event; 

Glaser's definition incorporates both, and Bruner's could be either 

/ 

depending on how he defines "transformed." In Gagne's definition, 

a process or series of behaviors(though they may be internal responses) ' 

is being postulated and examined, while in Kagan's a set of cri- 

terial results is taken as evidence that some event called discovery 

has occurred; in the first instance the process Discovering !■; 

being examined; in the second instance discovering is assumed to 

have, or is defined as having, occurred. The differences will now 
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be examined in more detail. 

E pistemological Description of Discovery 

Description of Discovery . The following criteria are postulated for 
specifying whether or not an event called discovery has occurred: 

It will be accepted that has discovered the proposition \\ 
that is to snv that proposition V is true* if 

1. at time tj S does not know that P is true. 

2. at time t^ S does know that P is true. 

5. i f in i lie interim t ^ - t S h:,s not been told that P is true. 

The following clarifications are necessary to render this description 
more precise. (1) A proposition is used here in the same sense as 
Beardsleys 1 usage (Beardsley & Beardsley, 1965) that is "what it is 
that a person knows when he knows that something ... .a proposition 

(a atAt^rert) thf.t con be true or false, •/hen you know th.it cats 
arc carnivorous, you know the proposition that cats are carnivorous; 
you know the proposition 'Cats are carnivorous 1 is true*." Proposition, 
t iioii, ns used hero is taken to include concepts, principles, rules, 
genera I i xa l ions etc. (.!) To 1 d as used hi this description rclers to 
am* manner or method in which P night he communion t ed to jK hv nnoHn r 
poison. t J) I I will he accepted that S knows 1 In lie line* il: 

o « I' Is I i no . 

f> . js accepts llio correctness of P. 

c. S can present evidence that I is title, upon denaml. 

POO* ORIGINAL COPY . BttT 
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Evidence shall consist of either a valid deductive argument or a 
strong inductive argument , or alternately a prediction and demon- 
stration that P is true* Behavioral scientists would probably 
accept a broader operational definition for "c". Piaget's research 
would suggest that children prior to the stage of formal operations 
may not be able to present evidence that P is true in the sense 
required above. Rather than exclude children in the preoperat ional 
period and the period of concrete operation* tills author will 
accept that such a child knows P if lie responds at better than 
chance level on a test designed to suggest that the child knows 
that P* The criteria specified above for asserting that S knows* 
are prima fac ie non-commutative i.e. failure to meet these criteria 
does not imply that does not know, nor does it imply that £ has not 
discovered P ( c f. Strike, 1970). 

It should be reasserted at this tiire that the above description 
of discovery, views discovery as an epistemological event* That is 
to say this description establishes criteria by which, in the case of 
any given proposition, it can be determined on a yes/no basis 
whether or not that proposition was discovered. The objection has 
been raised that this description allows for a situation such as the 
following: Si Is told each attribute of a concept* hut the concept 

itself is not verbalized. S2 is not told any of the attributes 
but the concept is verbalized for him. Using the criteria above it 
would have to be concluded that SI discovered the concent, or a 
proposition,?^ regarding the concept, assuming that Si knows ? x * 
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wliili- S2 did not. The contention is, however, that S2 discovered 

more than SI and that, therefore, the criteria arc misleading. 

The following points will, perhaps, clarify the situation. Us^ng 

the criteria above it must be accepted that SI discovered !' , S’ 

x 

did no I . What S2 discovered (given that the evidence is produced) 
were other propositions 1^, , l» k regarding attributes of the 

concept. SI did not discover P^, P , P k « it should he clear from 
tliis that the criteria above can he applied to each sub -concept, 
dimension, and attribute of the concept under consideration, ad 
inf in i turn . Thus, it is possible to use these criteria to state 
whether or not a concept was discovered, and in addition, how much 
or all the prior information leading to the concept, was discovered. 

I nduction and D e duction . In tit i psychological literature on dis- 
covery, one finds many statements regarding induction and deduction. 
The most prevalent point of view coincides fairly veil with dinner's 
statement ( 1 966 ) that discovery is characterized by the inductive 
process. Glaser describes Induction as a procedure of giving 
exemplars of a more general case which permits the student to 
induce the general proposition involved. This, too, appears to be 
typical of the interpretation of induction as used by psychologists 
writing in the literature on discovery. Rather than pointing 
to the i nadequac ies of these definitions, the intent here is to 
present a more complete description of deduction and induction, as 
these words are used by philosophers, and to suggest that psycho- 
logists begin to use the** in the sane wav. Sk is (1 calls the 
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view of induction as going from specific to general , and deduction 
as going from general to specific, "a. nsense,but nevertheless a 
widespread misconception/ 1 He then provides a description of each, 
which is in large part the basis for the following remarks. 

Beardsley l s (1966) statement on the differences between induction 
and deduction is more succinct and will serve as a point of departure. 
He says that the difference is "a difference in what we can hope to 
accomplish by way of proving something/ 1 In a deductive argument 
the rules of inference are clear* Simplv stated they insist that 
if the premises of an argument are accepted, and if the argument 
is valid according to the prescribed rules, then it is necessary 
that the conclusion be accepted. In inductive arguments the 
attempt is to put the conclusion beyond reasonable doubt by offering 
sufficiently strong arguments in its favor. There is, therefore, 
no stipulation that the argument proceed from specific to general or 
vice versa. Sk rms has in fact shown that it is possible to construct 
both deductive and inductive arguments which go from general 
statements to general statements, specific statements to specific 
statements, specific statements to general statements, and general 
statements to specific statements. (Skyrms i960, np. 13-14) 

Since the direction in which the argument proceeds is irrelevant 
to the kind of argument being put forth, the difference lies in the 
rule by which the conclusion of the argument is accepted. If 
the conclusion derives necessarily from the premises, then it Is a 
deductive argument. (Mathemat iclans call it a proof.) If the 
propositions is net dcriveablc from the premises, but can be 
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shown to have greater or lesser probability on the basis of the 
evidence presented, then it is an inductive argument but not a 
proof. The following example may illustrate and clarify this to 
some extent. The following three statements constitute a valid 
deductive argument, that is to say that if the premises (1 & 2) are 
accepted the conclusion is incontrovertible, 

1. All human beings feel pain. 

2. John is a human being. 

3. John feels pain. 

Statement 1, however, can be arrived at in two wa's, deductively ns 
the conclusion of a set of premises such ns: 

1, All mammals feel pain. 

2, All human beings are mammals, 

3, All human beings feel pain 

or inductively, through the following kind of argument: I aro 

human; 1 feel pain, 1 know many fellow humans. All assure me 
that they feel pain. I believe them. Reports of many doctors and 
psychologists, historians and writers of literature show that the 
human being reported on indicate feeling or having fell pain. 

1 believe at least this aspect of these reports, and therefore 
conclude that all human beings feel pain. The induct ".ve argument 
contains none of the incontrovertible features of the deductive 
argument. Kveii at its strongest it is a probahal 1st ic statement. 
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Wha t Is Discovered? 

Discovery may be defined in the manner outlined above as a 
phenomenon presumed to have occurred when certain events are ob- 
served* it may also be described as a set of ongoing processes; 
what it is that £ is doing when he is discovering. Fxamination and 
description of these processes will be easier if there is first 
some attention given to what it is that is discovered. 

The criteria for determining whether or not discovery had 
occurred, cited earlier, all concerned themselves with S discovering 
a proposition. This is not to hold that only propositions can be 
discovered but ratlicr to say that whatever is discovered must be 
put in propositional form if it is to be put forth and evaluated. 

It is legitimate to ask what type of events might be discovered 
and put in propositional form. Three groupa of events or phenomena 
are postulated to include most if not all of what is discoverable. 

a. Fortuitous events. 

b. Kxporimental laws, or knowledge acquired as the result of 
exploration, and the accumulation of new facts and experiences. 

c. Theories, or knowledge acquired as a result of the restructuring 
of current knowledge. 

Fortuitous events can be subdivided into unplanned happenings 
and serendipity. The former refers to events like Columbus's 
running into America on his way to India. The latter refets to events 
such as the discovery of penicillin or vulcanized rubber, where a 
search v as in progress for something but what was found vas not 
exactly what was being looked for. Since by definition it is almost 
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impossible to include such events in a curriculum or a program of 
experimentation, no further attention will be given to this group of 
events. 

Ernest Nagel (1961, Chapter 5) makes a distinction between 
experimental laws and theories. This distinction will be used as 
a base from which to describe type of events or phenomena (a) which 
are discoverable, (b) which can be put in propositional form and (c) 
which will also be meaningful in educational experimentation and 
curriculum planning. Nagel sees the aim of scientific thought as 
understanding observable things by discovering some systematic order 
in them. He describes the final test for the laws that serve as 
instruments of explanation and prediction as their concordance with 
such observations. These are what he calls experimental laws. 
Theories are a "set of assumptions about some phenomena which employs 
terms which ostensibly designate nothing observable and which 
assumptions cannot be confirmed by experiments or observations of 
the things to which the terms refer." Toulmin (1933 p. 33) des- 
cribes the difference more elegantly. He speaks of looking for 
regularities of given forms versus seeking the forms of given 
regularities. 

What this author then takes to be discoverable in the case 
of experimental laws is a pattern or rule common to all observa- 
tions, or a set of attributes held in common by all exemplars. 
Experimental laws refer not only to the scientific endeavor hut 
also to all concepts and principles. One presumably has acquired a 
concept when ore can identify a pattern, a rule or attribute common 
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to all examples ol the concept. When one discovers a concept, then 
one presumably discovers that common attribute or rule. This author 
includes this behavior under what Nagel designates as the supra- 
ordinate class of experimental laws. Two stages are involved in 
the discovery of experimental laws: first, critical observation of 
instances examined; then, determination of common patterns. 

Theories on the other hand involve postulated patterns first, 
then observation of events to determine if they coincide with 
the rules predicted by the theory. If concordance is observed 
then an explanatory theory can be said to be discovered. Thus, 

Nagel observes, that n though experimental laws may suggest a theory 
and a theory may explain experimental laws, the laws can survive 
the demise of the theory since they rest on an observational base. 
Thus, the meaning of laws can be formulated independently of the 
theories, but theoretical notions cannot be understood apart from 
the particular theory that implicitly defines them. Discovering 
theories, then, would include much hypothesis testing and problem 
solving behavior, as well as the type of behavior defined as 
"creative" in the psychological literature. Two stages are 
involved in the discovery of theories: first, hypothec izing a set 
of relationships or series of consequences; second, testing the 
hypothesis for concordance between the theory and observation. 

Briefly stated, then, what can be discovered apart from fortui- 
tous events is either a rule or pattern which describes observed 
regularities among instances, or concordance or nonconcordance 
between a postulated pattern and subsequent observations. 
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The Process of Discove ry 

The foregoing abbreviated discussion of what is discovered 
suggests a sequence of processes which could lead to S's dis- 
covery of an experimental law or a theory. In the case of an 
experimental law, four processes are involved: (1) exploration 
and observation, (ii) identification of rules or attributes or 
both as a consequence of these observations, (iil) discr iminat ing 
patterns or regularities, and (iv) stating the observed regularities. 

If the fourth step produces a statement regarding a pattern, rule, 
or set of common attributes, then this author will hold that 
discovery of an experimental law has occurred. In the case of theories, 
five processes are involved: (i) hypothesizing on the part of S y 
(ii) exploration and observation, (iii) identif icat ion of rules, 
attributes, or patterns among what is observed (iv) comparison of 
observations v;ith hypotheses, and (v) stating the concordance or 
nonconcordance between hypothesis and observations. Those processes 
do not differ greatly fvom Cagne's (1966) processes of internal 

S' 

search and Internal selection. They go beyond Gagne, however, in 
providing for external search as well as internal search and for 
external identification in addition to internal selection, and in 
providing for an external statement of S’ s findings. 

Discovery and Guided Discovery 

The criteria specified for determining whether discovery has 
occurred do not exclude methods generally listed as guided discovery. 

For the purposes of this paper "guided" will be taken to indicate 
the presence of a structure or of clues, in greater or lesser amount. 
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This structure shou 1 ’ be specifiable both in terms of the number of 
rules or attributes told or to be discovered, as well as number and 
sequences of exemplars, etc., and should increase the probability of 
discovering that the proposition P is true. 

Discovery and Expository Learning 

Discovery learning will be taken to be what is learned when some 
P is discovered. Expository learning will be taken to be non-discovery 
learning. The criteria for expository learning will be that: 

1. at time t S does not know that P is true. 

1 

2. at time t does know that P is true. 

2 

3. in the intermin t - t ;S has been told P is true. 

1 2 

All of the other specifications described earlier will hold. Tt 
should be obvious from this that there exists the possibility of many 
kinds of expository learning, depending on the degree to which P is 
structured and the number of rules, attribute*, rules etc., so that 
the nature of the total learning experience can be specified. 

It Is obvious from this discussion that expository learning and 
discovery learning are such broad concepts, that comparison of the two 
without a virtually exhaustive description of the stimulus situation is 
meaningless . 




Chapter 3 



RELATED RESEARCH 

Research on discovery learning has been periodically reported in 
educational and psychological journals during the past forty years. 
The result of this research is equivocal, and more work of the kind 
suggos ted i.n previous chapters is needed before definitive conclu- 
sions can be drawn. Nevertheless, it may be useful to review a 
representative group of the studies performed over tin* past four 
decades to compare the parameters of the studies and their findings. 
It is possible to divide these experiments into three groups on 
the basis of l he independent variables be hip, studied: experiments 
which compared discovery and non-d iseove ry methods ol presenting 
stimulus materials; exper iemont s v/hich examined the effects of 
varying degrees of guidance; and studies of the effects of verbal- 
ization, Most of the studies reviewed here (the exceptions will 
be noted in context) measured either retention transfer, or both. 

In addition to noting the independent and dependent variables, and 
the results of the studies, the types of Ss and tasks employed 
the studies will also be compared. 

Discovery vs, Non-Discovery 

In one of the earliest experiments of this kind, McConnell 
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(19 34) used second grade Ss in a seven-month study. The stimulus 
materials were ]00 addition and subtraction facts. The methods 
were: Authoritative, in which Ss were told to memorize the facts, and 
Discovery, in which Ss were told to discover the generalization in- 
volved in the task. The results showed the Authoritative method to be 
best on speeded retention, but discovery to be superior on transfer 
tests. 

Thiele's (1938) design and methodology was similar to McConnell's, 
Thiele’s task also consisted in learning 100 addition facts and the 
subjects were again second graders. 

Treatments were Generalization, in which Ss were told to look for 
a generalization, and Drill, in which facts were presented without any 
attempt by E to relate them to each other. Training time was seven 
weeks. Performance of the generalization group was superior on all 
measures of retention and transfer. 

Katona (1940) used a somewhat different task. Ss , graduate stu- 
dents in psychology, were assigned to one of three groups. Ss in the 
Memorization Group were told the correct sequence of cards required 
to perform a trick; Ss in the Understanding Group were told the way 
in which the solution could be derived; Ss in the Control Group re- 
ceived no training. Training time was four minutes. Results showed 
Ss in the Memorization Group to be superior on a test of immediate 
retention, while the Understanding Group was superior on a test of 
transfer to similar problems. Both groups were superior to the 
control group. The results were replicated in a second experiment 
with one additional result. On a retest four weeks after training, 
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the Understanding Group was superior both on memory and transfer. 

Swenson's (1949) Ss were second grade students. The task was 
learning of 100 addition facts and the duration of training was 16h 
weeks, with 25 minute lessons each day* Ireatments were: Generaliza- 
tion Method, encouraging the students to build up interrelationships; 
Drill Method, presenting facts in miscellaneous order; and Drill-Plus 
Method duplicating standard teaching procedures. This included mani- 
pulation of objects in addition to drill on facts. Results showed 
little difference among groups on initial learning, but the Generali- 
zation Group was higher on both retention and transfer. 

Anderson (1949) used fourth grade students and applied his treat- 
ments to the material taught in the regular math curriculum from Nov- 
ember through May. Treatments were Drill and Meaning methods, essen- 
tially those described in the Swenson Study. On standardized arith- 
metic tests he found no differences among group as a function of method 
of teaching. This would presumably be a test of retention. A test of 
mathematical thinking which could be considered a transfer test was 
also given. Ss of high ability but inferior achievement, who had 
received the Meaning method of training, performed best on this test. 

Uorther (1964) reported the following series of comparative 
studies in mathematics, which juxtaposed Traditional with Discovery 
methods of teaching. SobeJ.(1954) used high IQ ninth-grade students. ■ 
The task consisted of a seri j of algebra problems. Hie Discovery 
method proved superior, l\il lerton * s (1955) task was the learning of 
mu I l i p I i ca l i on lucls, Treatments were Inductive vs. Deductive met hods 
el presenting the material, '11 le Inductive method proved supnioi on 




30 



n:t»;isurts of initial learning, retention and transfer. _Ss were third 
graders. TMneus (1956) compared a Rote-Memorization method with an Under 
standing method but found no significant differences between the moUiods 

The general, though by no means universal, finding of these studies 
appears to be that discovery methods of instruction are not superior to 
rote or drill methods when the criterion is immediate learning or short- 
term rcLenliou, hut heroines superior when the criterion is oil her long- 
term retention or transfer. The findings of these studies do not 
appear to be related to task or age of S^s, 

Amount of Guidance 

By far the largest group of studies reported have examined this 
independent variable. Ewert and Lambert (1932) varied amount of 
guidance using four treatments. Method 1 gave the objectives of the 
problems and rules of procedure. Method 2 also gave Ss objectives and 
rules and, in addition, asked Ss to find one general principle 
applicable to all problems. Method 3 gave Ss objectives, rules, and 
general principles. Method 4 added a demonstration to the procedures 
of Method 3. Results showed greater guidance to be most effective. 

The methods, in the order of increasing superiority, were 1, 2, 4, 3. 

The task had required the movement of discs among three circles. 

The dependent variables in this study were time to criterion and number 
of moves. 

Stacey (1949) used sixth-grade Ss to compare the effectiveness of 
five methods: two of which could be characterized as discovery methods 
and three as authoritative methods. Amount of guidance varied among, 
the five methods. The task eons is led of e I irni ikiI I on ol one word Hint 
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"did not belong" from a hvX of five words. Although the conclusions 
drawn favored discovery methods and minimum guidance, few of the findings 
reached a .05 level of significance. 

Craig (1953) used a task similar to Stacey's. Ss were males, recent 
college graduates who were being commissioned as second lieutenants in 
the U.S. Air Force. Four levels of guidance were used: zero clues 
(Group Z) ; grouping of stimulus material to maximize discovery of 
relationships (Group G) ; information that the stimulus material 
was grouped according to some principle (Group GX) ; and a fourth treat- 
ment where Ss, in addition to the receiving the information given to 
Group GX, were told the grouping principle (Group GXP). Results 
showed that number of errors to solution of the problem was inversely 
related to amount of guidance. Amount of transfer increased in 
direct relationship to the amount of guidance. In a second study 
Craig (1956) used two treatment groups with college Ss. The task 
was similar to that used in the previous study. The treatments consisted 
of either no clues (Independent Group) or a short general statement 
of the relationship among the items (Directed Group). The directed 
group was superior on a test of initial learning and on a retention 
test administered 31 days later, but not on a retention test adminis- 
tered 3 and 17 days after completion of the task. No differences 
were found between the groups on a transfer test. 

Kittel (1937) also utilized a task similar to Stacey and Craig's, 
but with sixth-grade students. Three levels of guidance were labeled 
Minimum, Intermediate and Maximum. The Intermediate Direction group 
used in this study appears to be equivalent to the GXP (Maximum direction) 
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group in the Craig (1953) study and the Directed Croup in the Craig 
(1936) study. Results showed the intermediate direction group superior 
on all measures of retention and transfer. 

Corman (1957) also varied amount of guidance using, the Kulonn 
niatchstick task (Kntona, 1940). Twelfth-grade students v/ere Ns in 
this study. The e:<ju*r i fiic *n l produced results showing a complex set 
o I interactions among mental ability, kind of in format ion given, and 
dependent measures , 

Ilaslcrud and Myers (1957) used a code deciphering and enciphering 
task. Ss were college students. Treatments were No directions regard- 
ing the code and specific directions. The No Directions group was 
found to be superior on a transfer task. The validity of the analysis 
has, however, been disputed many times, e.g, Witt rock (1966), Cronhaeh 
(1966). 

Wit truck (1963) also examined the effects of varying, amoimls of 
guidance on a discovery task. Using college Ns and a code dec i plier Jug 
task, he formed four groups, varying in degree of guidance: hole 

given, Answer given (RngAg); Rule given, Answer not given (Rg/.ng) ; 

Rule not given, Answer given (RngAg); and Rule not given, Answer 
not given (RngAng). On a test of immediate learning, the RngAng 
group had the poorest score. The other groups were not significantly 
different. The RngAg and KgAng groups were superior on retention and 
transfer tests. Wit truck interpreted this finding as evidence that an 
in termed into amount of guidance produced superior performance on 




re leu Li on and transfer. 
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Forgus and Schwartz (1957) attempted to test the validity of 
earlier Katona studies using a new 26-87011)01 alphabet. Female college 
students served as Ss in this study. Three treatments were used. 

In Treatment 0 Ss were told the principle underlying construction of 
the alphabet; in Treatment P Ss were told there was a principle and 
were asked to describe it; and, in Treatment M Ss were asked to memorize 
the alphabet. Both P and 0 groups, though not significantly differ- 
ent from each other, were significantly higher than group M on both 
retention and transfer tests one week after training. 

Kersh in two studies (1958, 1962) examined the effects of guidance, 
in the 1958 study, Kersh used three treatments: No Help, Direct 
Reference (Ss were given perceptual aids), and Rule Given. The task 
consisted in verbalizing mathematical generalizations, and applying 
them to new problems. Ss were college students. The dependent 
measures in which Kersh was interested were retention, transfer, and 
heuristic S. used to solve problems on a retest. The data failed to 
support the hypothesis that the Direct Reference Group would be 
superior on a test of retention and transfer. An additional finding 
of interest was that among 13 Ss in the No Help group who failed to 
discover the rule during the learning period, but who were retested 
after four weeks, ten used acceptable methods. This is in contrast to 
the other treatment groups in which there was a decrease in use of 
acceptable methods from test to retest. Kersh attributed this to a 
differential motivation level as a function of treatments and con- 
cluded that motivation was a more important factor than understanding 
in the effects of discovery learning. Kersh's second study (1962) 
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was designed to examine this motivational effect. The task was the 
same as in the previous study but Ss were high school students. 

Three treatments were used: Directed Learning, Guided Discovery, 

and Rote Learning. Ss in the Directed Learning group were given 
programmed booklets which presented the rules and explanations of the 
rules. Ss in the Guided Discovery group discovered the explanations 
under a Socratic method of teaching, and were presumed to be most 
highly motivated; Ss in the Rote Learning group were apparently not 
given an explanation of the rules. Results showed the Rote learn- 
ing group to be superior on all measures to the other groups. The 
Guided Discovery Group was superior to the Directed Learning Group 
on all measures. Kersh's characterization of the Rote Learning 
treatment is rather difficult to accept, however, and it is this author's 
opinion that the Rote Learning group may, in fact, have been a "pure" 
discovery group. 

Gagne^and Brown (1961) assigned ninth- and tenth-grade boys to 
three experimental groups: Rule and Example (R & E) , Discovery (D) , 
and Guided Discovery (GD) . The task consisted of learning several 
mathematical series. The GD group performed significantly better 
than the D group and the R & E group; the D group, however, per- 
formed significantly better than the R & E group. 

This author finds it impossible to reconcile the results of the 
studies just cited. One may find seme evidence for the superiority 
ol none, some, or much guidance. More studies show some guidance or 
an intermediate amount of guidance to he more uMoeVive in terms of 
transfer than none or a large amount. However, this is probably 
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somewhat, mislead! ug since it is probable that the kind of guidance 
is at least as important as amount. For instance, Klausmcier and Vi 
(1968) have shown that providing a principle produces better lcnrniu , 
In the Craig (1953), Craig (1956), Kittel (1957) and Wittrock ( 1963 ) 
studies, the groups which were given what could be called a principle 
performed best whetner their designation was maximum amount of guid*nu 
(Craig I95J, 1956) or intermediate ;imount of guidance (Kittel 1957, 
Wittrook 196 J) * This suggests tuat additional work needs to be done 
varying tne kind of guidance as well ns the amount of guidance. 

effects of Vcrbalizo tl.on on Discovery 

Only three studios to date have examined this aspect of discovery 
Hendrix ( 194 7 ) used high school and college bs and three treatments. 

In Method 1 Ss were told the principle, In Method 2 Ss were given a 
series of problems leading to discovery of the principle, but were 
not asked to verbalize it. Method 3 required Ss lo verbalize tne 
principle, Differences among the groups were not significant, but 
appeared to favor the non-verbal 1 zing group. Schwartz (1948) examined 
the importance of verbalization in concept formation and found 
that even among most Ss who learned the concept and who could 
transfer to another sorting concept using the same principle, they 
were unable to verbalize the principle they were using; that unsuccess 
fui attempts at verbalization negatively affected performance on 
subsequent tasks; and those who cojld verbalize the principle were 
successful on subsequent tasks. Gagne and Smith (1962) used the 
Hi ree-ci role problem used by Kwert and Lawbort (19 12) and examined 
the effects of verbal i zat ion ind solution set (instructions to search 




for principle). Results showed no effects of solution set but the 
verbalization groups were significantly superior on number of moves 
and time to criterion. Not enough data is yet at hand to warrant 
conclusions about the effect of verbalization on discovery learning. 

In summary what the literature to date has shown is that dis- 
covery learning Is superior to rote learning on measures of long 
term retention and transfer, but not superior on measures of immediate 
acquisition* When the dimensions of amount of guidance and verbaliza- 
tion are introduced, however, complex interactions between stimuli and 
as yet undetermined variables appear to occur such tnat definitive 



statements are unwarranted at this time. 



Chapter 4 



METHOD 

This experiment was designed to investigate the effects on retention 
am! transfer of two methods of presenting selected geometry concepts to 
sixth graders. The effects on retention were measured at three points: 

1 day after completion of the lessons, 11 days after completion of the 
lessons, and 21 days after completion of the lessons. The effect on 
transfer was measured Immediately after completion of ihe last lesson* 
Assessment of the ell eel ol method of presentation on Immediate acqtil- 
sit inn ol the selected concepts was also measured immediately al ter 
completion of the lessons. 

A pilot study was run to answer logistical questions regarding ad- 
ministration of the lessons and test, pinpoint problems in t he procedure, 
and test for effects of the lessons. The methodology nf the main study 
was based on the results of the pilot study. 

Pilot Study 

Subjects 

Xh voro 41 sixth-grade students at Poynette Middle School, Ihe 
sample contained two classes, one of 19 Sf? and one of 22 Ss. IVotli 
classes had the same teacher for mathematics instruction. None of tin 
S^s hail hail previous eonl.lt I with tin* concept being picscut cd as pail 
of school's instruct ion. il program 
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Proc edure 

Ss in each class were randomly assigned to one of five groups. 
The groups were equivalent to proposed Groups 1, 4, 7, 10, and 13, 
respectively, in the main study. Table 1 shows the Groups and lesson 
and test sequence. 



Table 1 

Lesson and Test Sequence for each Group in the I* i lot Study 
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Note: (D) Following a lasson denotes that it was presented in the 

discovery mode 

(E) Following a lesson denotes that it was presented in the 
expository mode 

All Ss except those in Groun 5, the control group, were presented two 
introductory geometry lessons. Group 1 was then presented a lesson on 
quadrilaterals, administered in two parts on two .successive days, 
in tlu’ discovery mode. Group ' was presented a lesson nn quidri t .■ t • - r I 

adri.iuislt.icd in two parts on two successive tlavs, in tlu« expo <i 1 1 . r y 
H'de. Group » was presented a lesson on I r laup.l >s in the dfranvi-rv 



O 



3<J 



mode, Group 4 was presented a lesson on triangles in the expository 
liode. This was followed by a lesson on quadrilaterals, again adm i n i stored 
in two parts on two successive days, but in the expository mode. Croup 
5* the control group, received placebo lessons dealing with materials 
unrelated to geometry, All Ss were tested 24 hours after completion 
of the last lesson. 

Ma terials 
GEOMETRY LESSONS 

INTRODUCTORY LESSON 1, This lesson introduced the concepts p o 1 n t , 
line segment , line , ray , angle , righ t angle , acut e angle, and obtuse 
angle . 

INTRODUCTORY LESSON 2, This lesson Introduced the concepts c 1 o sed 
curve , s imple curve , plane , polygo n, parallel , a J j aeon t , oppo s 1 1 c , 
and e qual length . This lesson also demonstrated how the student 
should use a ruler to identify angles and to check if lines were 
parallel. The format of Introductory lessons 1 and 2 was modified 
linear programming which required the child to respond to questions 
regarding the concepts introduced, with immediate feedback provided, 

TRIANGLE LESSON (Expository and Discovery), Seven concepts were 
introduced in the lesson: tr iengle , equila teral triangl e , I soscele s, 

trl ang l_o * sea 1 cue t rian gl c , righ t y*iajiglo % o btuse t r lang I e , and 
ticuU' an;U' t r f ,inj^l_c • present each concept six examples vtre used, 

four positive and two negative* Tin* negative examples Isolated t lie 
relevant attributes and l lie posi t ive examples the Irrelevant nirihule* 
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lor example, the concept quadrilateral lias one relevant 
attribute which distinguishes it from other polygons, that is that 
it has four and only four sides. Size, shape, orientation, or 
relative length of the sides are irrelevant attributes. The two 
negative examples (triangle and pentagon) funis nltcntioii on 
number ol sides in that all positive! examples have lour sides while , 

the negative examples have three and live, respectively* The lour 

v 

positive examples vary on the dimensions of size, shape, orienta- 
tion and relative length of sides indicating the non- rol evnnce 
of these dimensions to identification of the concept* The 
sequence of positive and negative instances was the same for 
each concept, i.e., + , +, +, The concepts were presented 

in this manner and sequence in both the expository and discovery 
lessons. The difference between the lessons lay in the statements 
accompanying each example. In the expository lesson each example 
was accompanied by a statement such as this, M lxiok at this figure. 

Note that side AB is equal to AC; AB is 1 M ; AC is I M . n In the 
discovery lesson each example was accompanied by a statement such 
as this "Look at this figure. Measure side AB. Measure side AC. 

What do you find? 0 

QUADRILATERAL I.E? .ON (Expository and Discovery). Seven concepts 
were introduced in this lesson? quadrilater al , rhombu s , parallel- 
ogram , trapezoid , rectangle , square , and kjtc. The manner of intro- 
ducing each concept and the number and sequence of examples was 
exactly as described above for tlic triangle lessons. The ■liflVr- 
oiu e between 1 1u* discovery and expository •mub* of presenting I Ik* 
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material was the same as that described for the triangle lesson. 
Placebo Lessons 

LESSON 1. This lesson explained the formation of Roman numerals 
for the numbers 1 through 1100. 

LESSON 2. This lesson introduced the numeration system in base 
10 for numbers having up to seven digits. 

LESSON This lesson presented the commutative and associative 
properties and the identity element in addition am! multiplication' 
LESSON 4. This lesson presented subtraction as the inverse <»l 
addition and explained the regrouping process in subtraction. 



Tests 

TEST 1. This test was embedded in the lesson on quadri laterals. 
The items, multiple choice Items taken from a test developed by 
Prayer (1969), were presented immed Lately upon completion of the 
material dealing with each concept and referred to that concept 
only. Five item typos, one question per item typo for Mu' each 
of the concepts quadrilateral , rhombus , pa ra i I e log ra m , trapezoid, 
rect angle , squa re, dnd kkj, constituted the test. Item type I 
required recognition of an .attribute example, given th* attribute 
name; type 3 required r ecogni t io n of a concept example, given 
the concept name; type 5 required recognition ol the concept name, 
given an example; type 9 required recognition of the concept 
definition given the concept name; and, type 10 required recog- 
nil inn of a inipr .lot d Inate concept, given the concept ii.me. This; 




test was designed to measure initial acquisition of the concepts. 
TEST 2. This test was administered 1 day after completion of the 
lessons in order to measure retention of the concepts. The 
items on the test were similar to those on Test ], but required 
production of the answers. Items were selected from a test 
developed by Frayer (1969). Both Test 1 and Test 2 contained 
thirty-five items. 



De s i g n 

The pilot study included five treatment groups. These groups 
were defined by the lesson sequences noted in Table 1. Class was in- 
cluded as a blocking l actor in the design. Ss were theroloie random W 
assigned to treatment group within class. The dependent variables 
were the total scores on Test 1 and Vest 2. 

Outcome of the Pilot Study 

Detailed results of the pilot study will be reported in Chapter 
5# The following summary is presented as a background for the changes 
in methodology effected in the main study. 

1. The quadrilateral lesson alone was insufficient to produce anv 
effect, Groups 1 and 2 were not signi f i cantly different from the 
control group (Group r j). Additional examples for each concept were 
therefore included in the lessons used in the main study. 

2. Superior performance ol both groups which received the triangle 
lessons (Groups 3 and 4) suggested that additional interaction with 
this kind of material is important. This reinforced the decision to 
add additional examples to the quadrilateral lesson. 
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J. An analysis of Test 2 by concept ami item typo as shown in 
Figure 1 indicated that not all concepts or item types discriminated 
between treatment groups. It appeared that the control group was 
sufficiently familiar with the concepts square and rec tangle to render 
these concepts nondiscriminating* The concept kite was too difficult 
for all groups and was therefore nondiscriminating. This precipitated 
the decision to arop these concepts from the main studv. Item tvoes 
9 and 10 appeared too difficult for all groups. Item type 10 v-/as 
dropped from the tests in the* main study. Item type 9 was retained 
as insurance against ceiling effects. 

The I r.msf i r groups (Croups 1 am) ) showed un ellcct nl 
Iransl. a nit lest l t I lie lest of immediate ai »ju i s i t ion when compand 
with the control group. The differences showed up on lest 2 , 2 A 
hours later. It was not possible to determine whether this was a real 
effect or an artifact resulting from the use of tests which were not 
parallel. This finding led to the decision to make Test 1 and Test 2 
parallel so that some Judgment might be made should such an effect 
appear in the main study* This result also led to the decision not 
to use Test 1 as measure of transfer, but to use instead Test 2 
administered Immediately after completion of the last Ivy n. 

r i . Hie t hiding that there was no difference arming groups on 
Test 1 was noted with some relief, since it is well known (Underwood, 
t l )(i4) that differences in degree of initial learning tend to pro- 
diet able differences in retention scores. Based on results of Lhe 
pilot study, it was expected that the level of initial learning wen Id 
not differ among groups in the main study. 
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I i«. 1. Analysis of lost 2 by item type on. I concept indicating j|,.„ is 
which discrini nated among groups. (An item was considered to discrim- 
inate among groups if one group had three more incorrect items than 
any other group. ) 



Main Study 

Subjects 

j>s were 256 sixth-grade students from six Stevens Point, 
Wisconsin schools. Klcven classes which had had no prior training on 
the concepts being presented were used. The initial sample consisted 
of 300 5>s. A3 Ss were lost through absence from one or more of the 
lessons, or from the final test. One j> was lost because he re- 
ceived an incorrect sequence of lessons. Thus, 256 remained and the 
results are based on the data from these 256 Ss. Tables 2 and 3 show 
the distribution of JSs by school and treatment condition. 
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Procedure 

Ss were randomly assigned within school to the 15 treatment 
groups* Experiment 1, which dealt with the effects of method of 
presentation on retention, had nine groups. Ss in Groups 1 to 6 
were given two introductory geometry lessons. Groups 1, 2, and 3 
were then presented lessons on quadrilaterals in the discovery mode; 
Group 1 was tested i day after presentation of Lhu last lesson. 

Group 2 was tested 11 days afterwards, and Group 11, 21 days after- 
wards. Groups 4, 5, and 6 were presented lessons on quadrilaterals in 
the expository mode, Group 4 being tested 1 day later; Group 5 
11 days later; and Group 6, 21 days afterwards. Groups 7, 8, and 9, 
the control groups, received placebo lessons on materials unrelated 
to geometry and were tested at the same times as the l-day, 11-day, 
and 21-day groups above. 

Experiment 2, which dealt with the effects of method of presen- 
tation on transfer and initial acquisition, had six groups. Ss in 
Groups 10-15 were given two introductory geometry lessons. Groups 
10 and 11 were then presented a lesson on triangles in the discovery 
mode; following the triangle lesson, Group 10 was presented lessons 
on quadrilaterals in the discovery mode, while Group 11 was presented 
lessons on quadrilaterals in the expository mode. Groups 12 and 13 were 
presented a lesson on triangles in the expository mode; following the 
triangle lesson, Group 12 received lessons on quadrilaterals Ln the 
discovery mode, while Group 13 received lessons on quadrilaterals in 
the expository mode. Groups 14 and 15, the control groups for the 
transfer experiment, did not receive lessons on triangles; Group 14 
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received lessons on quadrilaterals in the discovery mode and Group 15 
received lessons on quadrilaterals in the expository mode. Groups 

10 through 15 were tested immediately on completion, of the last 

\ 

lesson, Tables 4 and 5 show the group, and lesson and test sequence 
for each of the treatment groups. 

All materials were pre-packaged by day, school, and class with 
Ss 1 names on the booklets to insure correct sequence of lessons. 

The procedure for each lesson was as follows. The proctor distri- 
buted pencils, rulers and booklets. Instructions concerning pro- 
cedure to he followed in completing the lessons were given and difficult 
words in the lessons, listed on the opening page, were pronounced 
for Lite class. Students were then instructed to record the starting 
times and commence work. After S had completed the lesson, 1 l worked 
at his desk on an assignment given by his teacher until all Ss had 
completed the lesson. Booklets, pencils, and rulers were then collected. 
Instructions for the lessons and test comprise Appendix B . 

Two proctors were used. E proctored the lessons in two classes 
each at Roosevelt and McDill, and one class at McKinley school. A 
substitute teacher from the Stevens Point school system proctored the 
lessons in two classes each in Emerson, Madison, and Washington 
schools. Since the experiment was being conducted in both groups of 
schools at the same time, K could not monitor the procedures used 
bv the substitute teacher* A check by an independent observer was* 
therefore, made to insure uniformity of the procedures being used. 
Procedures were adjudged by the observer to be uniform across 




schools and proctors. 
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Note - (D) denotes that the lesson was presented in the discovery mode. 

(E) denotes that the lesson \ras presented in the expository mode. 



Lesson and Test Sequence for Each Group in Experiment 
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Material 

Geometry Lessons. 

INTRODUCTORY LESSONS 1 AND 2. These were the same as the introduc- 
tory lessons used in the pilot study with minor modifications. The 
concept adjacent was dropped from Introductory Lesson 2 sine* the 
concept kit e for which it was a prerequisite was dropped from the 
quadrilateral lessons. Modifications were made in the wording of 
items where data from the pilot study suggested ambiguity or 
confusion. Therefore, in this study Introductory Lesson 1 
introduced the concepts point , line segment , line , ray , angle , 
right angle , acute angle , and obtuse anj>le . Introductory Lesson 
2 introduced the concepts closed curve , simple curve , plane , polygon , 
parallel , opposite and equal length . The lesson also demonstrated 
how the student should use the ruler to identify angles and to 
check if lines were parallel. The format was modified linear 
programming, requiring the child to respond to questions regarding 
the concepts introduced, with immediate feedback provided. 

TRIANGLE LESSON. With the exception of minor modifications in word- 
ing, and the removal of the concept scalene triangle to reduce lesson 
time, this lesson was exactly like that used in the pilot study. Con- 
. cepts presented in this lesson were: triangle , equilateral triangle , 
isosceles triangl e , right triangle , obtuse triangle , and acute angle 
t riangle . As in the pilot study, six examples were used, four posi- 
tive and two negative. The examples were sequenced as follows: +, - , 
+ , -, +, + . The expository lesson again stated the attributes of the 




concept, while the discovery lesson directed the student to look at 
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the examples and asked him to produce attributes. 

QUADRILATERAL LESSON « based on the findings of the pilot study, 
this lesson underwent the most change. Three of the concepts 
used in the pilot study were found to be either too easy or too 
difficult and were eliminated. The failure of students receiving 
this lesson in the pilot study to achieve a higher score than 
the control group, coupled with the finding that the group re* 
ceiviug the additional triangle lesson performed significantly 
Letter than the control greup gave rise to the hypothesis that 
t lie re was insufficient interaction by students In the retention 
groups with this type of material. It was, therefore, decide 1 
to double the number of examples. Consequently, only four concepts 
were introduced in this lesson: quadrilateral , rhombus , pnral lel- 
ogram , and trapezoid . The concepts quadrilateral and rhombus were 
presented first using six examples, four positive and two negative in 
the following, sequence -f, -L, - , +, +♦ After the two concepts were 

presented in the above fashion, the first concept was presented again 
using, six examples in the sequence + , L, - , T, but using, difler 
ent examples from those in the first sequence. 

The negative examples isolated the relevant attributes, while th 
positive examples isolated the irrelevant attributes as described 
for the pilot study lessons. Thus a total of twelve examples of each 
concept was used. The concepts were presented in this manner 
and sequence in both the expository and discovery lessons. The 
difference between the lessons lay in the statements accompanying, 
each example. Lu the expository lesson each example was accompanied 
by a statement such as this: "Look al this figure* Note that side 
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AB is equal to AC; AB is 1"; AC is 1 M . In the discovery lesson each 
example was accompanied by a statement such as this; "Look at this 
figure. Measure the side AB Measure the side AC. What do you find? 11 
Kach lesson also contained an embedded test as described below. 

The quadri lateral lesson was again presented In two parts to all 
groups. The first part presented the concepts quadri lateral and 

r hombus , the second presented the concepts paralle logram and 
t rapezoid i in the same manner as that described for quadrilateral 
and rhombus. 

'The lessons were presented in prepared booklets similar to 
those used in Introductory Lessons 1 and 2, except that in Lessons 
1 and 2 questions were asked during the presentation of the con- 
cept and immediate feedback given. | n the triangle and quadr! I nlur- 
al lessons, the expository lessons contained no questions* The 
discovery lessons contained questions but provided no feedback 
curing the lesson. Feedback was provided to two general questions 
at the end of the presentation of each concept* Appendix C 
contains the concept parallelogram presented in both the discovery 
and expository modes, 
x^lacebo Lessons 

LLSSON 1. This lesson explained the formation of Roman numerals 
for the numbers 1 through 1100. 

LLSSON 2. Hi is lesson introduced the numeration system in base 
10 for numbers having up to seven digits. 




LLSSON 3. Tliis lesson presented the commutative and associative 
properties and the identity element in addition and multiplication* 
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LESSON 4. This lesson presented subtraction as the inverse of 
addition and explained the regrouping process in subtraction. 



Tests 

EMBEDDED TEST (Test E) . This test was a production test which 
required S to produce a word or a definition or complete a figure. 
Five types of items were used* type 1 required production of an 
attribute example* given the attribute name; type J required pro- 
duction of a concept example* given the concept name; type 4 
required production of a concept non-example, given the concept 
name ; type 6 required production of the relevant attribute, 
given the concept name; and type 9 required production of the 
concept definition* given the concept name. For each concept* 
there was one Item each of types 1*6, and 9, two items each of 
types '3 and 4 for a total of 28 items. The function of 'Test E 
was to provide a measure of original learning for Croups 1-9. 

Although it was not logically required for Croups 1D-J5* It was 
administered in order to give them a comparable set for later testing,. 

QUADRILATERAL TEST (Test Q). This test was a mill t i ple-*eho i re lost 
administered to Ss in all treatment groups. Test Q was parallel 
to Test E* in content, item types* ami number of items (28), hut 
required recognition rather than production of answers. Psychomet- 
ric eluiracterist i cs of this test are reported in Chapter 3. 

Desjgjn 

l**l H ! r t 1 • The design of tills experiment was a 1 X l 

factorial with three types of lessons (discovery expository. 
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, 111 . i placebo) ami three retention Intervals (1 < I ay , 11 clays, j r i< ! 

21 days). This design is illustrated In Table f>. School was 
included as a blocking factor. Ss were, therefore, randomly 
assigned to treatnent within school. The dependent variable was 
the total score on 'lest Q. Covariates were the score on Test E , 

I.Q , and the math achievement score of the Iowa Test of Has j c Skills. 

Table 6 

Experimental Design of Experiment 1 



Independen 


t Variables 


Type of Lesson 


Retention Jnte 


Quadri lateral Lesson (D) 
(Discovery) 


1 day 

1J days 


Quadrilateral Lesson (E) 


1 day 


(Expository) 


11 days 


PUcebo Lesson 


1 day 




11 days 



21 days 



21 davs 



21 days 



Experiment 2. The design of this experiment was a 3 x 2 factorial 
with three types of initial, lesson (triangle lesson-discovery , 
triangle lesson-expos itory, and no triangle lesson) and types of 
subsequent lesson (quadrilateral lesson-discoverv and quadrilateral 
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lesson-expository). This design i3 illustrated in Table 7. School 
was included as a blocking factor, ^s were, therefore randomly 
assigned to treatment within school. The dependei ; variable was the 
total score on Test Q. Covariates were the score on Test E, in, and 
the math achievement score o£ the Iowa Test of p .as-lc Skills. 



Table 7 

Experimental Design of Experiment 2 





independent Variables 




Initial Lesson 


Subsequent Lesson 




Triangle Lesson (D) 


Quadrilateral Lesson (D) 




(Discovery) 


(Discovery) 




Triangle Lesson (D) 


Quadrilateral Lesson (K) 




(Discovery) 


(Kxposi lory) 




Triangle Lesson (E) 


Quadrilateral Lesson (D) 




(Expository) 


(Discovery) 




Triangle Lesson (15) 


Quadrilateral Lesson (H) 




(Expos! tory ) 


(Kxposi lory) 




No Triangle Lesson 


Quadrilateral Lesson (D) 






(Discovery) 




No Triangle Lesson 


Quad r i lateral Lesson (K) 






(Expos i Lory) 




Chapter 5 
RESULTS 



Pilot Study 

Gnu dependent measure, t lie total scent on Test 2, was obtained 
for each Table 8 shows the number of subjects, ami moans and 
standard deviations for scores on Test 2 of each treatment group within 
each class* figure 2 shews the moan total scorn on Test 2 as a func- 
tion of treatment condition* Analysis of variance of the scores on 
Tost 2 indicated that the performance of both Groups 4 ami 5 
(transfer groups) was significantly better than the control group. 

Hie average score of Croups 4 and 5 was significantly better than 
the average score of Croups 1 and 2, indicating a positive transfer 
effect as a function of the presentation of the prior lesson. No 
other comparisons were significant. No c lass effect was noted, and 
there was no class by treatment interaction, kesuUs of the analy- 
sts of variance of scores on Test 2 arc presented In Table 9. No 
difference was found among experimental groups when the measure used 
was score on Test I. Hie control group could not be compared with 
experimental groups on this measure since Test | was not embedded in 



the Placebo lessons. 
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Main Study 

Three scores were obtained for each the total score on Test Q, 
an IQ score, and a math ability score, the latter two to be used 
as covariates. A fourth score > the score on Test K, was obtained for 
all Ss except those in groups 7* 8* and 9, who received placebo 

lessons. % 

Psychometric Characteristics of Test Q 

i 

Data for 256 Ss who completed all lessons and Test Q were 
used to determine the psychometric characteristics of Test Q which 
are reported in this section. The test was analyzed by the Fortran 
Test Analyses Package (Baker 6 Martin, 1968). Statistics were com- 
puted both within and across schools. Table 10 shows the number of 
subjects, mean score, standard deviation* range, standard error of 
measurement and Hoyt reliability extimates (Hoyt, 1941) for Test Q 
scotes within and across schools. 







Table 8 



Number of Subjects, Means, and Standard Deviations 
of Total Scores on Test 2 

by Treatment Group ana oy Class for tne Pilot Study 



Treatment Groups 



Class 


1 


2 


3 


4 


5 




13.00 


13.33 


22.50 


21.25 


11.00 


1 


(4.00) 


(3.51) 


(8.96) 


(7.18) 


(4.64) 




N-3 


N-3 


N-4 


N-4 


N-4 




18.00 


15.75 


21.75 


15.50 


16.00 


2 


(6.22) 


(3.69) 


(4.99) 


(4.20) 


(6.90) 



N-4 


N-4 


N-4 N-4 N-5 


Note. -Standard 


deviations 


are given in parentheses. 
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TABLE 9 

Univariate Analysis of Effect of Presentation Method on Scores of Test 2 in the Pilot Study 



Source 


df 


MS 


F 






Class 


1 


1.1524 


.0344 


P < 


.85 


1 + 2 vs. 3+4 (Q vs. TQ) a 


1 


162 . 87 


5.45 


P < 


.03 ** 


1 vs. 2 


1 


4.57 


0.14 


P < 


.72 


3 vs. 4 


1 


56.25 


1.68 


P < 


.21 


Interactions 


3 


40.04 


1.20 


P < 


.4 


Control vs. Treatments 


1 


56.00 


1.67 


P < 


.25 


Removing Class 

Error (Within Treatment only) 


22 


33.49 


-- 


- 


- 


A 

Q ■ quadrilateral lesson only; 


To m Triangle 


lesson followed by 


quadrilateral 


lesson. 





**Sifnif leant at or beyond the .03 level cl s ic.'.Tf icanee chosen. 
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Table 10 





Psychorretvic Characteristics 


of Test Q Within and Across 


Schools 


School 


Number of 


Mean Score 


Standard 


Range of 


Standard Error 


Hoyt 




Subjects 




Deviation 


Scores 3 


of Measurement 


Reliability 


1 


34 


13.53 


5.29 


5-27 


2.28 


.81 


2 


50 


16.20 


6.15 


5-27 


2.24 


.86 


3 


57 


10.86 


4.05 


5-27 


2.34 


.65 


4 


52 


12.83 


6.01 


4-28 


2.27 


.85 


5 


46 


12.17 


5.55 


5-27 


2.29 


.82 


6 


17 


13.18 


6.29 


6-27 


2.26 


.86 


Total 


256 


13.05 


5.73 


4-28 


2.29 


.83 


^Highest 


possible 


score was 28. 
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Analysis of Data 

All analyses of variance and covariance were carried out using 
Finn's (1968) Multivariance or Multiple Regression (Regan 1] (Cuba 1966) 
computer program The dependent variable for all analyses was total 
score on Test <)* Covariatcs were !<}, arithmetic ability score ami 
total score on lest b* Since the number of Ss in the cells varied! 
the design is non-ortliogonal * Because of this, the eflects are not 
independent and are estimated in stepwise fashion* The effects oT 
greatest interest are ordered last so that unbiased estimates nay 
be obtainedi 

Experiment 1 

Experiment 1 examined the effects of two methods of presenting 
geometry lessons and oi presenting material unrelated to geometry 
on Test i) scores, as a function of a 1-, 11- and 2!-day retention 
intervals* This experiment included nine treatment groups'* Croups l, 

2, and 3 in which received lessons in the discovery mode and 
were tested at 1, 11, and 21 days* respectively; Croups 3, 
and 6 In wMch Ss received lessons in the expository node and were 
tested at 1, 11, and 21 days, respectively; Groups 7, 8, and i in 
which Ss received placebo lessons and were tested at 1, 11, and 21 
days respectively. The number of subjects, means, and standard 
deviations for each of the nine treatment conditions within each 
school are presented in Table 10, 11, and 12. Figure ) shows the 
combined wean total score on Test Q under each treatment as a function 
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of retention interval. Moans for the discovery group increased as a 
Junction of Lime, while weans for the expository groups decreased ns 
a function of time, doth expository and discovery groups performed 
hotter at each retention interval than the control group. The number 
of subjects and the estimated combined means fore nch treatment group 
and for each school are shown in Table 13. 



4 



o 

ERLC 



r 



* * 



Table 11 

Number of Subjects, Means and Standard Deviations of 
Treatment Croups 1-6 Within Each School 



School 






Treatment Group 






flisrovefy 
1 uy 

1 


11 cav 
2 


L 2 • a/ 
3 


Expos ltory 
X .. A 

U 5 


21 cay 
6 




15.00 


1C. 00 


18.33 


17.50 


11.50 


9.00 


1 


(0.00) 


(2.82) 


(6.11) 


(6.36) 


(9.19) 


(2.82) 




N-2 


N-2 


N-3 


N-2 


N-2 


N-2 




12.00 


12.75 


20.00 


19.25 


13.75 


25.50 


2 


(5.57) 


(6.07) 


(6.98) 


(5.12) 


(5.31) 


(2.12) 




N-3 


N- 4 


N-4 


N-4 


N-4 


N-2 




10.00 


12.50 


11.25 


10.20 


8.50 


10.00 


3 


(2.45) 


(3.11) 


(2.75) 


(3.77) 


(1.29) 


(4.24) 




N-4 


N-4 


N-4 


N-5 


N-4 


N-4 




12.50 


9.75 


20.67 


14.00 


18.00 


11.00 


4 


(2.08) 


(.’.99) 


4.51) 


(9.85) 


(6.98) 


(4.24) 




N-4 


N-4 


N-3 


N-3 


X-4 


N-4 




8.00 


9.50 


7.33 


19.50 


21.67 


10.33 


5 


(0.00) 


(2.38) 


(3.21) 


(0.71) 


(2.52) 


(1.15) 




N-2 


N-4 


N-3 


N-2 


N-3 


N-3 




12.00 


6.00 


11.00 


12.00 


0.00 


19.00 


6 


(0.00) 


(0.00) 


(5.66) 


(0.00) 


(0.00) 


(0.00) 




N*1 


N-l 


N-2 


N-l 


N-0 


N-l 



Note. -Standard deviations are given in parenthesis. 
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Table 12 



Number of Subjects) Means and Standard 
of Treatment Groups 7-9 Within Each 



Deviations 

School 



Treatment Group 




Cont r * L fcPmp 






> ny 11 «Iny 


lay 


School 


7 8 


9 





9.67 


9.33 


13.13 


1 


(5.03) 


(3.51) 


(2.08) 




N-3 


N-3 


N-3 




13.75 


13.00 


15.50 


2 


(6.85) 


(1.61) 


(6.36) 




N-4 


N-2 


N-6 




7.00 


9.75 


12.75 


3 


(1.00) 


(3.20) 


(6.35) 




N-3 


N-4 


N-6 




7.50 


7.25 


8.50 


4 


(7.65) 


(6.57) 


(2.38) 




N»6 


N=4 


N-4 




8. 75 


7. JJ 


8.50 


5 


(2.63) 


(1.53) 


(6.95) 




N-4 


N-3 


N*2 




10.00 


7.00 


0.00 


6 


(0.00) 


(1.61) 


(0.00) 




N«1 


N-2 


N-0 



Note. -Standard deviations are given in parentheses. 
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Table 13 

Number of Subjects and Combined Mean Total Scores on 
Test Q by Treatment Croup and by School 





Discovery 




Treatment Group 0 
Expository 




Uontro 1 




1 day 


11 day 


21 day 


1 day 


11 day 21 day 


1 day 


11 day 


21 day 


1 


2 


3 


6 


5 6 


7 


8 


9 


12.29 


10.58 


16.90 


16.93 


16.35 12.91 


9.17 


9.02 


11.65 


>16 


>19 


>19 


>17 


N”1 7 N-16 


N*19 


>18 


N-l 7 







School 






1 


2 


3 




5 


f) 


12.82 


15.75 


10.15 


11.98 


11. 73 


10. 79 


>22 


N»31 


N«36 


>36 


>26 


>9 




'iKMUn'iit means were obtained by averaging si hoot means within e.uh 
treat mint, giving equal weight to each school and thus removing the 
effect of unequal numbers of students within each school. 



Mean Scor.» on Test 
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- ■ i ■ - ■ 

1 Day 11 Days 21 Days 

Retention Interval 

Fig. 3. Mean scores of Expository. Discovery anti Control 
Groups 1, 11 and 21 days after completion of lessons. 
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An analysis of variance was performed on the data summarized above. 
The results of this analysis are shown in Table 1^** The following 
comparisons were made with effects as noted. Performance on Test Q 
of both discovery and expository groups combined was compared will) 
performance of the control group over all retention intervals. Tins 
tesl was made to determine whether or not any learning was effected by 
the learning materials. Treatment groups performed significantly bet Lor 
than control groups indicating that Ss bad learned from the prepared 
materials. Performance of the expository and discovery groups was 
compared to determine differential effects of presen tation method. Con- 
sidered ever all retention intervals, the performance of the expository 
group was significantly better than the discovery group. The inter- 
action of discovery and expository group and retention interval was, 
however, also significant. This would indicate that method of presen- 
tation did significantly affect the retention of the lesson material, Lhe 
expository method effecting a net loss over time but the discovery method 
resulting in a net gain. The effect of retention interval alone was not 
significant. Tills was probabiy due, however, to the fact Lit a t scores 
increased for the discovery group* decreased for the expository group and 
gained slightly for the control group. When these scores are combined 
at each retention interval, the means become almost the same at each 
retention interval and the null hypothesis was, therefore, not rejected. 
There was no interaction of discovery expository and control groups with 




retention interval . 
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There were a number of effects due to school. The effect of 
school was significant, as were interactions of school X treatment 
condition and school X retention interval. Because of two empty 
cells in School 6, data from this school were not analyzed with 
th^t from the others. The procedure used was to compare the effects 
In school 6 with the total effects in the other five schools. This 
procedure necessitated assuming one school X treatment interaction 
(school 6) to be zero. No significant effect specific to school 6 
was found. Effects involving school were removed from the model 
before testing of other treatment effects. 
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Table 14 

Univariate Analysis of Variance for Effect of 
Presentation Method on Scores on Test Q 



Source of df 

Variation 

Schools 5 

School X Treatment 33 

Conditions 3 

School X Treatment 8 

School X Retention 

Interval 8 

School X Retention 
Interval X Treatment 17 

Treatment vs. Control 1 

D vs. H 1 

Retention Interval 2 

Treatment vs. Control 

X Retention Interval 2 

D vs. Ex Retention 

Interval 2 

Residual (Specific to 

School 6) 4 

Error 105 



MS 


F-ratlo 


Probability 


123.81 


6.59 


<.0001 


** 


37.29 


1.98 


<.025 


A A 


49.18 


2.62 


<•01 


AA 


44. 71 


2.38 


<.02 


A A 


28.20 


1. 50 


<.11 




174.30 


9.27 


<.0005 


AA 


99.17 


5.28 


<.01 


AA 


7.16 


0.38 


<.68 


AA 


10.88 


0.57 


>.05 


AA 


111.64 


5.94 


<.05 




28.47 


1.51 


<.20 


AA 


18.80 









a because of missing cells, certain school by treatment interactions 
were assumed to be zero. All missing cells occurred in school 6. 
One interaction was assumed now-zero in that school. 

** significant at or beyond the ,05 level chosen. 
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An analysis of covariance with score on Test Q as the dependent 
measure and scores on Test E, arithmetic ability, and IQ as covariates. 
Results of the analysis of covariance are shown in Table 1*>* Use of 
Test E as a covariate excluded groups 7, 8, and 9 from the analysis 
since Test E was not embedded in the placebo lessons. The score on 
Test F was used as a covariate since it is well-documented in the 
psychological literature (Underwood, 1964) that degree of original 
learning affects rate of forgetting. One method of attempting to 
statistically equalize degree of original learning is to remove effects 
of original learning, as measured by Test E, from the model prior 
to making a test of retention effects. This procedure was followed 
here * 

All of the covariates are highly correlated with one another as 
might be anticipated. It was expected that the covariates would be 
relatively highly correlated with school, and might, therefore, re- 
duce the school effects in the analysis. This did not prove to be 
the case, however. 

IQ was not related to either school or treatment condition. 

The overall relation of the arithmetic ability score to schools and 
treatment was not significant. Test E scores were associated both 
with D vs. E and schools. Inclusion of the three covariates did 
reduce the sums of squares attributable to schools and school x 
treatment interactions but did not eliminate these effects altogether, 
since both were significant even v;ith the covariates in t;.e model. 
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Table 13 

Univariate Analysis of Covariance for Effect 
of Presentation Method on Scores on Test Q 



Source of 


Variation 


df 


MS 


F ratio 


Probability 


Mean 

Schools 


1 

5 


95.47 


7.06 


*.0005 


Vert 


Covariates 


Linear-Total 


3 


382.66 


28.31 


<•0005 


** 


Math & IQ 


2 


428. 50 


31.70 


<.0005 


** 


Test E 


1 


291.00 


21.53 


<.0005 


** 


School X Treatments 3 


24 


29.77 


2.20 


<.025 


** 


Covariates - Non Linear 


6 


11.06 


0.82 


<.25 




(Treatments Total 


5 


47.05 


3.48 


<. 025) 




D vs, Ex Retention 


Interval (Total) 


2 


72.16 


5.34 


<.01 


* 


Non Linear 


1 


32.23 


2.38 


<.15 




Linear 


1 


112.10 


8.29 


<.01 


** 


Retention Interval 
Total 


2 


15.47 


1.14 


>.l 




Non Linear 


1 


27.93 


2.07 


>.l 




Linear 


1 


3.01 


0.22 


>.l 




D vs. E 


1 


59.98 


4 . 44 


<.05 




Covariates X Treatments 


15 


15.49 


1.15 


<.5 




Residual (for error) 


45 


13.52 


- 


- 





a To make treatment effects estimable one treatment X school inter- 
action (School 6) was assumed zero. 




**signif leant at or beyond the ,05 level chosen. 
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Results of the analysis of covariance confirmed the findings of 
the analysis of variance. Performance on Test Q of discovery and ex-* 
pository groups combined was compared with performance of the control 
group over all retention intervals. Treatment groups performed signi- 
ficantly better than control group confirming that S_s had learned from 
the prepared materials. Performance of discovery and expository groups 
was compared to determine differential effects of presentation method. 
Considered over all retention intervals, the performance of the exposi- 
tory group was significantly better than the discovery group. The 
interaction of discovery and expository groups and retention Interval, 
was also significant, again indicating that method of present a ion signi- 
ficantly and differentially affected the retention of the lesson material • 
The effect of retention interval alone was not significant, again proba- 
bly due to the increase of the scores of the discovery group being can- 
celled by the decreasing scores of the expository group. There was 
again no interaction of discovery, expository and control groups with 
retention interval. School effects and school x treatment interaction 
were significants as were the effects of each of the three covariates. 

A test for interaction of covariates with treatment was not signifi- 
cant . Effects were removed from the model in the order listed in Table 
14 wLth tli e effects of interest being removed last. 

Experiment 2 . 

This experiment was performed to assess the effect of presenting 
a lesson on triangles in either the expository or discovery mode on 
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learning of a subsequent lesson on quadrilaterals presented in the 
expository or discovery mode* Learning was measured by the score on 
Test Q, The design included six treatment groups (see Table 5) as 
follows* In Croup 10 S.s received a lesson on triangles in the d is ■ 
covery mode followed by a lesson on quadrilaterals, in the discovery 
mode (Croup DD) , In Croup 11 Ss received a lesson on triangles in the 
tlis covery mode followed by a quadrilateral lesson in the expository inode 
(Croup DM)* In Croup 12 Ss received a lesson on triangles hi the ex- 
pository modi' followed by a quadriteral lesson in the discovery inode 
(Croup LD) followed by a quadrilateral lesson also in the expository mode, 
(Croup LD) . in Croup 13 _Ss receiv; 1 a triangle lesson in the expository mode 
followed by a quadrilateral lesson also in the expository mode (Group 
EE), Group 14 Ss received a lesson on quadrilaterals only, in the 
discovery mode (Group D) , and Group 15 received a quadrilateral in 
the expository mode (Group E) * No effects of transfer were found. 

Table 16 lists the number of subjects, means, and standard deviations 
for each treatment condition within each school. Table 1? presents 
the combined means for each treatment and school, Kigure 4 shows the 
mean scores on Test i) lor each treatment condition, Examination ol 
this figure suggests that presenting a lesson in l lie discovery mode 
first, produces negative transfer when the second lesson was in ihe 
discovery mode, but positive transfer when the second lesson was in 
the expository mode, Presenting a lesson In the expository mode 
first appeared to produce positive transfer when the second lesson 
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was also in the expository mode but negative transfer when the second 
lesson was in the disvoery mode. None of the transfer effects were 
significant , however on an analysis of covariance. 

An analysis of covariance was run with score on Test Q as the 
dependent measure and scores of Test E arithmetic ability and IQ as 
covariates. Results of the analysis of covariance are shown in Table 
18. These results showed a significant school effect, and a significant 
effect ofthe covariates. School X treatment and Covariate X Treatment 
interactions were not significant. Tests were made for transfer effects 
(Dl)-D and EE-E) , and interference effects {ED-D and DK-K) , Neither 
test was significant at the chosen alpha level, Tests for interaction 
between transfer and method of presentation, and between Into rfertMice 
and method of presentation were also not significant. 

A t^ test was performed on the means of groups 16 and 15 to examine 
the effects of discovery and expository methods of presentation on ; 
immediate acquisition. The difference was not significant at the 
.05 level. 




Table 16 



Number of Subjects, Means, and Standard Deviations of 
Treatment Groups 10-15 Within Each School 



Treatment Group 



School 


10 


ii 


12 


13 


14 


15 


No. 


22.00 


16.00 


14.00 


19.00 


14.00 


11.33 


1 


(0.00) 


(1.41) 


(0.00) 


(11.31) 


(4.36) 


(3.21) 




N=1 


N-2 


N=1 


N=2 


N=3 


N*=3 




10.00 


19.00 


14.67 


20.00 


12.67 


19.50 


2 


(7.07) 


(4.00) 


(6.51) 


(4.69) 


(4.04) 


(8.54) 




N=2 


N=3 


N=3 


N=4 


N=3 


N=4 




8.75 


13.33 


11.25 


12.00 


10.33 


15.25 


3 


(1.71) 


(4.16) 


(3.95) 


(5.20) 


(2.89) 


(9.29) 




N=4 


N=3 


N=4 


N=3 


N=3 


N=4 




15.67 


10.50 


17. 33 


13.00 


14.00 


16.00 


U 


(4.16) 


(6.36) 


(7.23) 


(3.46) 


(7.00) 


(7.39) 




N=3 


N=2 


Nc3 


N=3 


N=3 


N=4 




7.75 


15.67 


12.50 


12.67 


14.25 


16.00 


5 


(2.50) 


(0.58) 


(3.5 ) 


(4.16) 


(6.55) 


(7.53) 




N=4 


N=3 


N=2 


N=3 


N=4 


N=4 




9.00 


18.50 


13.00 


27.00 


20.00 


10.00 


6 


(0.00) 


(9.19) 


(2.83) 


(0.00) 


(0.00) 


(0.00) 




N=1 


N=2 


N=2 


N=1 


N-l 


N=1 


Note, -Standard 


deviations 


are given 


in parentheses. 
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TABLE 17 

Number of Subjects and Combined Mean of Total Scores 
on Test Q for Treatment Groups 10-15 and for School 



Treatment Group 3 



10 (dd) 


11 (DE) 


12 (ED) 


13 (EE) 


14 (D) 


15 (E) 


12.19 


15.50 


13.79 


17.28 


14.21 


14.68 


N=15 


N=15 


N*15 


N=16 


N=17 


N-20 






School 








1 


2 


3 


4 


5 


6 


16.06 


15.97 


11.82 


14.42 


13.14 


16.25 


N=12 


N=19 


N=21 


N=18 


N=20 


N=8 



treatment means were obtained by averaging school means within each 
treatment, giving equal weight to each school and thus removing the 
effect of unequal numbers of students within each school. 
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TABLE 18 

Univariate Analysis of Covariance for Effects 
of Transfer Lessons on scores on Test Q. 



Source df 

Schools 5 

Covariates 3 

Schools X Treatments 24 

Covariate X Treatments 15 

X DE X Interference 3 

X DE X Transfer 3 

X DE 3 

X Interference 3 

X Transfer 3 

Treatments 

DE X Interference 1 

DE X Transfer 1 

D vs. E 1 

Interference 1 

Transfer 1 

Error (Residual) 44 



MS 


!■' ratio 


Probability 


61.18 


2.92 


p. .05 


487.18 


23.23 


p. .0001 


10.05 


0.48 


p- . 95 


17.97 


0.86 


p < . 75 


13.38 


0.66 


p<. 75 


29.49 


1.41 


P< • 5 


9.68 


0.46 


p<. 75 


14.73 


0.70 


p<. 25 


22.07 


1.05 


p<.5 



18.14 


0.86 


p<. 5 


20.47 


0.98 


P <• 5 


38.71 


1.85 


p <. 25 


12.26 


0.58 


p<.5 


2.67 


0.13 


P<* 72 



20.97 




Chapter 6 

DISCUSSION & CONCLUSIONS 



Discussion 

These experiments were performed to determine the differential 
effects on immediate acquisition, retention, and transfer, of two methods 
of presenting geometry concepts to e 1 h graders. The findings of the 
experiments indicated that Ss given the material under either method 
of presentation performed f’ttcr on a Test of Geometry Knowledge (Test Q) 
than Ss who were not given the material. Results showed, in addition, 
that method of presentation did not differentially affect either 
immediate acquisition or transfer, but did differentially affect re- 
tention of the material. 

This lack of effect of method on immediate acquisition or on 
transfer would seem to be at odds with some of the findings cited in 
the literature. It has been found on several studies (see Chapter 3) 
that presenting material in an expository fashion enhances immediate 
acquisition. It should be noted that in this 9 tudy c u effort was 
made to equalize degree of original learning so that retention differ- 
ences would not be attributable to differences in initial acquisi- 
tion. therefore, in compiling the lessons, number of examples, 
ratio of positive and negative instances, and sequence of examples 
was identical. An attempt was made to equalize the set of Ss under 
each condition towards the final lest by giving Ss under both con> 
dltlons and identical embedded test consisting of items parallel 
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to those in Test Q. In spite of this, it can be observed that the 
expository group attained a slightly higher mean score. The differ- 
ences, however, were not significant. 

Results of the transfer study are somewhat more puzzling. In 
view of the fact that positive transfer was found to be the only signifi- 
cant effect on the pilot study it was somewhat surprising to find no effect 
on the main study, The transfer experiment in the main study was different 
in three ways from the transfer experiment in the pilot study. In the 
pilot study Test 2, which was the test used to measure transfer, was a 
product ion test, while in the main 3tudy the test used to measure transfer, 
Test Q, was a recognition test. Changing the form of the test probably had 
its effect especially on the discovery group. In the main studv the exposi- 
tory group showed evidence of positive transfer although It was not signi- 
ficant while the discovery group showed a tendency towards negative trons- 
fer although again the transfer was not significant. It could be held that 
the discovery group was more predisposed by the lesson material towards 
a production than a recognition test and that type of lest would inter- 
act with treatment. There is no evidence pro or con in the data of the 
present study but an experiment is proposed in which the same lessons 
and different combinations of Test b and Test Q are used to measure the 
dependent variable. This would test the hypothesized interaction between 
method of presentation and type of test. 

A second difference between pilot and main study lay In the point at 
which t be transfer test was tiade. In the pilot study the test was given 
lb hours after completion of the last lesson, while in the main study, 
the test for transfer was given immediately after completion of the last 
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lesson. 1 1 could be In.* Ill that part of the transler iff feet in the |>ilol 
study was a retention effect. This is suggested hy the fact that there 
were no differences between the groups on the embedded test in pilot 
study. Of course the pilot study embedded test (Test 1) was a multiple 
choice test and t he question of interaction between presentation method 
and test again arises. A second experiment could be preposed lure in 
which the lessons repair* the same across groups but transfer is measured 
at various intervals to determine interaction effects of transfer and 
retention interval . 

The third difference between pilot and main study was in the lesson 
material itself. in the pilot study the triangle 1 lesson and qnmlr i later. i 
lessons were the same in number of concepts and number of examples per 
concept. In the main study there were less concepts introduced in the 
quadrilateral lesson (4) than in the triangle lesson (6) and there were 
more examples (12) in the quadrilateral than in the triangle lesson (6). 
The effect of the greater number of examples and fewer concepts may have 
been powerful enough on a test administered irwncdiatelv to overshadow 
any effects of the triangle lesson. 

Kvidence for tills conclusion is the fact that every group which had 
a quadrilateral lesson in the expository mode performed slightly belter 
than any group which had a quadrilateral lesson in the discovery mode, 
regardless of whether the prior lesson was in the discovery or expository 
mode, or in fact whether or not there was a prior lesson* (see Figure 4) 

flic outcome of the retention experiment in this study is, of course, 
of greatest educational and psychological interest. The scores of the 
groups receiving les ems in the expository mode decreased as retention 
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interval increased, in the manner that classical forgetting theory would 
suggest. The scores of the discovery group, however, not only did not 
decrease, but actually increased over time. This Interaction remained 
significant wIilmi the effects of school, IQ, arithmetic ability and 
performance on Test K had been removed from the model, and appears there- 
fore to bo attributable solely to method of presentation. It is impossible 
to explain this effect in terms of current theorty regarding memory and 
forgetting. 

Two alternative explanations arc possible. It could be held that 
the discovery matliod gave the student a set toward the concepts such 
that in interactions with other materials during the retention interval, 
he learned more about quadrilaterals and thus performed better on a 
test given after 21 days than on a test given after one day. This ex- 
planation is plausible and is the one which would probably be favored 
by Korsh (1958), who concluded that the motivation induced by the dis- 
covery method was more important than the understanding. 

Another explanation for the effect derives from reminiscence and 
eonsolidat ion theory, although even reminiscence theory must he stretch- 
ed to handle this data* Discovery learning could be interpreted as 
leading to vhat Berlyne (1964) describes as "a state of conflict. . . of 
such a kind that additional information e.g. specification of some 
hidden attribute ol an object, identification of some impending event, 
will relieve it [p.ll]." Berlyne concludes; 

If this iS so, tile subject Is beset 
by vhat both cor**on language and the 
technical language of Information theory 
call "uncertainty. 1 ' ft is likely that 
prior learning will make him resort to 
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exploratory activity to gain access to 
the information whose lack is being felt. 

If so the subject will be in the kind of 
state of heightened drive or arousal that 
we call "perceptual curiosity." [p.ll]. 

The discovery mode of presentation, then, may be taken to produce 

arousal. Walker (1958) ha3 proposed a learning and retention theory 

which would predict that high arousal during learning makes the 

trace learned less available for ionediate recall but would result 

in greater permanent retention. Farley (1968) reviews a number of 

studies supporting this prediction. Klelnsmith and Kaplan (1963) 

compared recall of paired associates learned under high and low 

arousal and found that "paired associates learned under low arousal 

exhibited high immediate recall value and rapid forgetting. High 

arousal paired associates exhibited a marked reminiscence effect, 

that is, low immediate recall and high permanent memory [p. 190]". 

klelnsmith and Kaplan (1964) and Walker and Tarte (1963) have 

successfully replicated this result. Their explanation is that 

The poor immediate recall for 
high arousal learning is predictable 
on the basis of the relative 
unavailability of actively consolidating 
neural traces. On the other hand 
the greater consolidation of high 
arousal learning also results in 
stronger permanent memory 

[Klelnsmith, Kaplan, 6 Tarte, 1963, p. 393]. 

The retention intervals in the Klelnsmith and Kaplan and the Walker 
and Tarte studies were 20 minutes, 45 minutes, 1 day and 1 week. 

The predicted effects did net appear in the present study until 
three weeks later. This night be explained in terns of the com- 
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plexity of the taak. There is some evidence from the consolida- 
tion studies with animals that there is a functional relationship 
between task difficulty and consolidation time (Farley, 1968)* 

Similar findings have been reported by Manske and Farley (1970) using 
children, and Lovejoy and Farley (1969) using adults on a paired 
associate learning task. Further evidence for this phenomenon is 
noted in several studies of individual differences using a paired 
associate task with children (Farley and Cilbert, 1970), and with 
adults (Osborne and Farley, 1970); a task involving Verbal and 
motor skills (Farley, 1969a); and a task consisting, of free recall 
of word lists (Farley, 1969b). 

Data from the present study do not, however, permit choosing 
between these alternate explanations* In summary, the present study 
is difficult to interpret within the framework of classical theories 
of memory and forgetting but can, with some inferential leaps, be 
explained by alternate theories. 

Psychological theories aside, the study has a number of important 
educational implications. In concordance with Worthen's findings and 
prior results of research on discovery and expository learning it gives 
greater weight to the contention that when the material being taught 
must be available for long tern recall, involvement of the student in 
procuring answers for himself is preferable* Beyond this, the present 
study indicates that it is possible to get this involvement by means 
of written materials alone, such as textbooks, programmed booklets, etc* 
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Conclusions 

liu* M.iin conclusion of tlio present study Is Hint method of 
prcsental Ion (expository vs. discovery) did different i.il I y if feet 
retention of the mturial presented. Expository learning was superior 
t>u short-term retention, incnsurcd immediately and one day inter, liul 
discovery learning was superior on longer-term retention, measured 
21 days later. Method of presentation did not differentially affect 
transfer, although this may have been due to the fact that the trans- 
fer lesson was less powerful than the following lesson* 

A second conclusion of some importance is that materials can be 
prepared in purely written form which can produce and assess these 
effects. These materials can also be described in specific detail 
in terms of a large number of variables which can lie held constant or 
varied systematically. This opens the way for a series of further 
experiments whose effects will be more easily and more legit Ironic ly 
compared than some which have already appeared in the literature.* 

Finally, It is this author f s conclusion that the type of question 
asked and phenomenon investigated in this study may be answered 
and examined without recourse to explanation in terns of discovery, 
especially when these terms are used without the precision necessary 
for scientific investigation. Data may be co n octcd and generaliza- 
tions made on the basis of these observations. What Nagel (1961) 
has described as experimental laws (ef . , Chapter 2) can be fotmulnted 

^Herbert J. Klausweier and Dorothy A. Krayer of the Wisconsin Research 
and Development Center started this line of development and invest i gat ion. 
The present study as was Frayer's study (1969) is a beginning, validation 
of this approach. 
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and their findings reported and used without the necessity of having 
Lhe phenomena explained « 

Other kinds of questions will eventually have to be asked and 
these questions will necessitate the formulation of what Nagel (1<JG1) 
called a "theory" (cf M Chapter 2)* This theory when it is formulated 
should be based not on some hasty generalizations, but on a strong 
cpis tenologica 1 examination oi the phenomena under investigation as 
well as oil systematica 1 1 y recorded observations* Perhaps more order 
can then he brought into the untidy field now included under the 
rubr le "d iseovery lear ning*" 
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Raw Data 

Scores on Test Q 
Scores on Test E 
IQ Scores 

Math Ability Scores 
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O 

ERIC 
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School 1 Class 1 



Student 

No. 


Treatment 

No. 


IQ 


Iowa Math 
Score 


Final Test 
Score 


Fmbedded 
Test Score 


24. 


1 


123 


7.6 


15 


27 


26. 


5 


111 


6.3 


18 


27 


27. 


14 


108 


6.9 


12 


11 


28. 


5 


117 


7.0 


5 


23 


31. 


2 


102 


5.3 


8 


4 


32. 


6 


108 


5.7 


, 11 


20 


34. 


9 


110 


7.0 


11 


C* 


36. 


8 


99 


5.1 


6 


C 


CO 

CO 


14 


96 


5.5 


11 


11 


39. 


7 


91 


5.5 


5 


C 


40. 


3 


118 


7.8 


25 


24 


41. 


9 


116 


7.6 


14 


<: 


42. 


4 


124 


8.1 


22 


23 


45. 


15 


104 


5.9 


15 


21 


46. 


15 


99 


6.1 


9 


20 



*Noto - i: i licit call's that S. was i' 1 the control {’.roup and therefore did 
iH’l have ail cr'bcdded test in the lessons. 
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School 1 



Class 2 



Student 

No. 


Treatment 

No. 


IQ 


Iowa Hath 
Score 


Final Test 
Score 


Embedded 
Test Score 


1. 


8 


90 


5.3 


13 


C 


3. 


10 


127 


9.1 


22 


23 


4. 


11 


118 


6 . 4 


15 


19 


5. 


11 


110 


7.5 


17 


24 


6. 


4 


3 02 


7.5 


13 


18 


7. 


13 


131 


6.9 


27 


27 


8. 


14 


113 


7.3 


19 


20 


9. 


13 


93 


5.5 


11 


12 


10. 


12 


118 


6.7 


14 


14 


11. 


6 






7 


16 


12. 


2 


125 


8.1 


12 


22 


14. 


3 


127 


8.2 


17 


21 


15. 


9 


127 


8.9 


15 


0 


17. 


8 


122 


7.9 


9 


C 


18. 


1 


112 


7.1 


15 


6 


19. 


15 


100 


5.8 


10 


7 


20. 


3 


113 


6.8 


13 


18 


22. 


7 


122 


7.6 


9 


C 


23. 


7 


115 


8.9 


15 


C 
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School 2 Class 1 



Student 

No. 


Treatment 

No. 


IQ 


Iowa Math 
Score 


Final Test 
Score 


Embed led 
Test Score 


30. 


6 


139 


8.9 


27 


28 


31. 


15 


123 


7.9 


8 


20 


32. 


10 


85 


4.7 


5 


7 


33 


13 


122 


7*1 


18 


26 


34. 


11 


111 


6.6 


15 


17 


35. 


12 


117 


8.0 


21 


20 


36. 


10 


138 


6.7 


15 


23 


37. 


8 


120 


6.9 


14 


C 


39. 


2 


88 


5.3 


6 


11 


40. 


11 


134 


7.5 


19 


17 


41. 


2 


] 37 


7.7 


20 


24 


42. 


*) 


128 


7.2 


18 


<; 


44. 


1 


) 11 


(< . 5 


1 1 


1 7 


45. 


11 


111 


6.9 


2 3 


23 


46. 


5 


106 


5.3 


7 


11 


47. 


15 


124 


7.9 


26 


27 


48. 


15 


122 


7.8 


26 


23 


50. 


4 


102 


4.8 


12 


15 


51. 


14 


102 


4.8 


9 


12 


53. 


12 


97 


4.0 


15 


17 


54. 


9 


108 


7.2 


9 


(, 


55. 


13 


97 


5.5 


21 


14 
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School 2 






Class 1 






Student 

No. 


Treatment 

No. 


IQ 


Iowa Math 
Score 


Final Test 
Score 


Embedded 
Test Score 


56. 


3 


117 


7.3 


25 


27 


57. 


7 


101 


4.7 


6 






100 



School 2 Class 2 



Student 

No. 


Treatment 

No, 


IQ 


Iowa Math 
Score 


Final Test 
Score 


Embedded 
Test Score 


1 . 


4 


118 


8.1 


21 


26 


2. 


3 


121 


8.1 


26 


20 


4 . 


13 


132 


7.8 


26 


28 


5. 


14 


104 


7.5 


17 


14 


6 . 


7 


108 


7.3 


22 


0 


7. 


5 


120 


7.1 


•18 


21 


8. 


9 


111 


6.5 


18 


0 


9. 


2 


138 


8.2 


15 


23 


10. 


7 


92 


5.4 


16 


c: 


11. 


12 






8 


12 


12. 


5 


111 


7. 1 


18 


24 


13. 


9 


122 


8. 3 


17 


c: 


14. 


6 


105 


7.2 


24 


27 


15. 


8 


118 


7.6 


12 


C 


16. 


3 


80 


5.7 


18 


6 


17. 


7 


111 


7.2 


11 


C 


18. 


5 


103 


5.7 


12 


27 


21. 


15 


113 


6.1 


18 


20 


22. 


3 


108 


5.8 


11 


12 


23. 


13 


102 


6.6 


15 


20 


24. 


1 


117 


7.3 


18 


17 


2 5. 


4 


119 


8. 1 


24 


22 
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School 2 Class 2 



Student 

No. 


Treatment 

N'-'. 


IQ 


Iowa Math 
Score 


Final Test 
Score 


Embedded 
Test Score 


26. 


4 


135 


8.4 


20 


26 


27. 


1 


109 


6.8 


7 


17 


28. 


2 


110 


5.7 


10 


4 


29. 


14 


114 


7.4 


12 


17 



O 

ERLC 



1 02 



School 3 Class 1 



Student 

No. 


Treatment 

No. 


IQ 


Iowa Math 
Score 


Final Tost 
Score 


[imbedded 
Test Score 


) . 


12 


87 


4.9 


8 


3 


2. 


3 


107 


5.7 


10 


5 


3. 


6 


130 


7.0 


14 


20 


4. 


11 


108 


5.9 


12 


17 


6. 


3 


115 


6.8 


13 


15 


7. 


11 


125 


6.8 


18 


22 


8. 


14 


76 


4.6 


12 


4 


9. 


13 


114 


4.6 


9 


12 


10. 


13 


104 


4.8 


18 


17 


11. 


6 


115 


6.5 


13 


22 


12 . 


5 


96 


5.7 


8 


6 


13. 


9 


120 


6. 7 


L7 


(’ 


14, 


4 


109 


5.0 


8 


18 


15. 


1 


109 


5.6 


13 


3 


16. 


15 


115 


5.0 


10 


11 


17. 


4 


88 


4.7 


6 


5 


IS. 


10 


126 


6.2 


11 


13 


19. 


15 


132 


7.0 


27 


22 


20. 


8 


125 


7.3 


13 


<: 


21 . 


14 


104 


4.4 


12 


9 


22 . 


9 


117 


6.6 


16 


<; 


. i . 


1 


1 14 


7. 7 


S 


12 
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School 3 






Class 1 






Student 

No. 


Treatment 

No. 


IQ 


Iowa Math 
Score 


Final Test 
Score 


Embedded 
Test Score 


24. 


3 


123 


5.4 


8 


19 


25. 


6 


104 


5.3 


8 


19 


26. 


2 


129 


5.9 


15 


5 


27. 


4 


104 


4.1 


11 


16 


28. 


15 


124 


6.7 


18 


23 


29. 


n 


117 


6 , 6 


9 


J 9 


30. 


8 


101 


4.3 


12 


C 


31. 


8 


98 


6.5 


7 


t: 


32. 


9 


122 


6.1 


9 


c 


33. 


8 


100 


4.9 


7 


c 


34. 


14 


129 


5.5 


7 


7 



ERIC 



104 



School 3 Class 2 



Student 

No. 


Treatment 

No. 


IQ 


Iowa Math 
Score 


Final Test 
Score 


Embedded 
Test Score 


38. 


10 


100 


4.9 


7 


6 


39. 


12 


88 


4.4 


8 


6 


40. 


5 


99 


5.2 


9 


4 


42. 


6 


87 


5.0 


5 


3 


44. 


3 


99 


4.9 


14 


3 


4'j. 


10 


111 


5.5 


9 


5 


46 . 


2 






8 


8 


47. 


5 


129 


7.0 


10 


18 


48. 


1 


80 


4.2 


8 


6 


50. 


7 


114 


7.0 


8 


C 


51. 


12 


129 


5.6 


13 


4 


52. 


10 


111 


5.2 


8 


4 


53. 


2 


129 


7.5 


13 


14 


54. 


15 


107 


4.9 


6 


9 


55. 


7 


91 


4.3 


6 


t: 


56. 


7 


134 


7.5 


7 


c 


57. 


11 


118 


7.6 


10 


20 


Un 

CO 


5 


81 


5.2 


7 


4 


60. 


1 


103 


6.3 


11 


14 


61. 


4 


134 


7.5 


16 


21 


62. 


4 


126 


6.1 


10 


17 


63. 


9 


108 


5.5 


9 


C 




SrlntoJ J 



C ( ,iss 2 



i o 



Student 

No, 


T re at men t 
No, 


IQ 


Iowa Mali; 
Score 


Final Test 
Score 


Kmhe dded 
Test See 


04. 


12 


121 


G.9 


16 


13 


10 . 


i 


112 


G. 2 


14 


24 
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School 4 Class 1 



Student 

No. 


Treatment 
■ > t 


IQ 


Iowa Math 
Score 


Final Test 
Score 


Embedded 
Test Score 


28. 


5 


94 


4.5 


15 


15 


30. 


13 


80 


4.4 


11 


5 


31. 


12 


98 


4.9 


9 


U 


32. 


13 


109 


6.8 


17 


18 


33. 


7 


102 


5.9 


8 


c 


34. 


14 


88 


4.6 


6 


8 


35. 


6 


102 


5.1 


10 


14 


37. 


1 


105 


5.9 


10 


17 


38. 


9 


105 


5.2 


5 


(. 


39. 


12 


137 


7.9 


21 


22 


40. 


3 


140 


9.2 


25 


23 


41. 


6 


99 


6.0 


17 


21 


42. 


2 


90 


6.3 


6 


14 


43. 


15 


88 


5.2 


13 


19 


44. 


14 


104 


6.9 


17 


14 


45. 


8 


115 


5.5 


5 


C 


46. 


1 


119 


7.5 


15 


19 


47. 


2 


114 


6.5 


9 


14 


48. 


11 


123 


5.6 


15 


18 


49. 


Ttr 


108 


6. 7 


19 


21 


50. 


15 


101 


5.7 


11 


21 


31. 


15 


108 


6.5 


1 3 


21 
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School 4 



Class 1 



Student 
Mo . 


Treatment 

No. 


IQ 


Iowa Hath 
Score 


Flanl Test 
Score 


Em! 

Tei 


52. 


4 


91 


3.8 


6 


9 


53. 


8 


99 


6.0 


14 


C 


54. 


3 


115 


6.8 


16 


19 


55. 


3 


106 


6.8 


21 


23 
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School 4 Class 2 



S Ludent 
No, 


Treatment 
No . 


IQ 


Iowa Hath 
Score 


Final Test 
Score 


Lmbedded 
Test Score 


1. 


12 


121 


6.7 


22 


24 


2. 


6 


103 


5.1 


7 


15 


3. 


11 


97 


4.2 


6 


19 


4. 


1 


143 


7.3 


12 


26 


5. 


9 


111 


5.9 


10 


C 


6. 


4 


132 


8.2 


25 


20 


7. 


r ' 
U 


105 


4.8 


6 


C 


8. 


15 


116 


7.1 


27 


24 


9. 


14 


114 


7.1 


19 


17 


to. 


10 


114 


7.2 


17 


16 


11. 


8 


83 


5.7 


4 


C 


12. 


13 


116 


6.7 


11 


19 


13. 


1 


114 


6.2 


13 


14 


14. 


5 


113 


5.9 


17 


22 


15. 


6 


114 


7.0 


10 


22 


16. 


4 


113 


5.3 


11 


24 


17. 


2 


126 


7.5 


13 


21 


19. 


5 


112 


7.7 


12 


18 


20. 


2 


83 


4.0 


11 


11 


21. 


10 


98 


6.5 


11 


20 


22. 


9 


135 


7.6 


10 


c: 


23. 


7 


122 


6.0 


11 


t 
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Juhnol h 






Class 2 






Studui l 
No • 


l'reatncn t 
No. 


'0 


Iowa Kalli 
Score 


Kinal Test 
Score 


Embedded 
Test Score 


2>* . 


7 


102 


6.0 


S 


C 


2 j. 


7 


121 


6.8 


0 


C 


2t>. 


5 


150 


9. 1 


28 


27 


2 7. 


9 


115 


6. 2 




C 



O 




no 



School 5 Claes 1 



Student 

No. 


Treatment 

No. 


IQ 


Iowa Hath 
Score 


Final Test 
Score 


Embedded 
Test Score 


3. 


11 


101 


5.0 


16 


19 


4. 


8 


90 


4.6 


7 


C 


5. 


3 


101 


6.4 


6 


8 


6. 


14 


104 


6.5 


24 


22 


8. 


10 


75' 


3.7 


8 


2 


9. 


15 


120 


7.7 


27 


25 


10. 


14 


100 


5.2 


12 


23 


11. 


12 


112 


4.9 


10 


21 


12. 


6 


117 


8.2 


11 


25 


13. 


14 


104 


5.4 


10 


8 


14. 


6 


103 


6.9 


9 


14 


15. 


2 


107 


6.1 


6 


12 


16. 


15 


97 


4.2 


14 


14 


17. 


8 


106 


5.4 


9 


C 


18. 


3 


86 


5.4 


5 


6 


20. 


13 


98 


5.8 


14 


18 


21. 


1 


136 


8.5 


21 


25 


23. 


4 


110 


6.1 


20 


22 


24. 


14 


83 


5.1 


11 


5 


26. 


4 


116 


5.2 


19 


18 


28. 


5 


102 


6.3 


24 


17 




ill 



School 5 Class 2 



Student 

No. 


Treatment 

No. 


IQ 


Iowa Math 
Score 


Final Test 
Score 


Embedded 
Test Score 


29. 


3 


86 


5.5 


11 


9 


30. 


2 


104 


5.6 


11 


5 


31. 


10 


109 


6.1 


5 


11 


32. 


11 


86 


5.1 


16 


12 


34 , 


2 


135 


8.9 


11 


24 


33. 


9 


132 


8.9 


12 


C 


36. 


1 


98 


4.5 


8 


4 


37. 


7 


83 


4.5 


1 l 


C 


38. 


10 


103 


4.3 


7 


2 


39. 


9 


93 


5.4 


5 


C 


41. 


8 


89 


5.0 


6 


C 


42. 


13 


115 


7.4 


16 


19 


43. 


2 


98 


4.9 


10 


7 


4*. 


7 


99 


4.8 


5 


C 


45. 


13 


85 


4.5 


8 


16 


46. 


5 


129 


8.4 


19 


22 


47. 


12 


101 


4.6 


15 


6 


48. 


5 


114 


6.6 


22 


26 


49. 


7 


105 


5.2 


10 


t 


51 . 


15 


81 


3.8 


10 


19 


52. 


7 


127 


5.7 


9 




53. 


6 


108 


4.9 


11 


17 
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School 6 C lass \ 



Student 

No. 


Treatment 

No. 


IQ 


Iowa Math 
Score 


Final Test 
Score 


Embedded 
Test Score 


34 . 


11 


105 


6.1 


15 


18 


33. 


HI 


133 


6, S 


1 1 


^ *- 


so . 


1 j 


1 1 7 


7. 1 


13 


l '4 


2. 


J 


123 


5.9 


15 


17 


3. 


11 


116 


7.1 


25 


25 


7. 


8 


112 


5.5 


8 


n 


6. 


15 


93 


4.7 • 


10 


U 


9. 


10 


104 


5.3 


9 


5 


12. 


4 


108 


6.6 


12 


15 


] J. 


12 


129 


6.5 


15 


16 


14. 


14 


121 


7.1 


20 


25 


16. 


12 


116 


6.0 


1 1 


15 


17. 


7 


143 


7.2 


10 


L 


18. 


6 


114 


7. 3 


19 


21 


19. 


8 


83 


6.0 


6 


t; 


:o. 


3 


101 


5.6 


7 


10 


21. 


11 


106 


5.9 


12 


16 


24. 


1 


144 


8.2 


12 


24 


25. 


13 


127 


7.3 


27 


28 


26. 


2 


87 


3.6 


6 


7 




Appendix B 
Instructions 
to Proctors and Ss 
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General Instruction to Proctor 



1 14 



1. All material is packaged by school and class and each booklet has 
n student's name. On arrival at the school it is only necessary 
to open the pack, distribute it to the students, pass out pcnc [ l , 
ruler , and cardboard strip to the students; read the instructions 
and let them go. 

2. Indicate your willingness to help them to interpret any words or 
question* hut not to give them answers. 

J, If there should he a nev/ child In the class (one not on the list 

1 received) have him work on material specified hy regular teacher. 

4, Ask regular teacher to specify what those children finishing early 
might do. 

5. In case of interruption of the class (by fire drill or some such) 
Just ask them to leave the materials on the desk and they may 
start fr, in when they return. -Note the amount of time lost- 

so that it may be subtracted from the times indicated on the 
r rent of the booklet. 

6, No special pencils are needed ex c e p t for the tests. Then 
everyone should have a number 2 pencil. 

7. if you should have to leave ask the regular teacher to coned 



O 




the material as each student finishes. 
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Day 1 Instruct Iona 



Good Horning (Afternoon) 

My Name Is . I am working with some Educational 

Psychologists at the University of Wisconsin in Madison. These psychol- 
ogists arc trying to find out how to make it easier for children to 
learn mathematics. They have written some lessons and each day this 
week you will study one of these lessons. After you have completed 
the lessons, you will be given a test to see how much you learned. 

Please do the best job you can on both the lessons and the tests. 

If you do you will learn some geometry and more than that you will 
help us air! other psychologists find ways to make learning easier 
for other boys and girls. 

1 am going to hand out the first lesson now. Do not open it until 1 
tell you to do so. (Distribute the lessons, pencils, rulers & strips.) 
Now does everyone have a lesson, pencil, ruler and cardboard strip? 

OKI There are a nurobe r of different kinds of lessons so do not worry 
if yours does not look like your neighbor's. 

Check your name and write the name of the school on the first page, 

(the cover). Turn to the page where it says Word List . If you do 
not have such a page Just start your work on the first page and com- 
plete the answers right through the booklet. Ihe word list reads! 

(Read the heading, pronounce each work and have the children repeal it. 
Ask if they can pronounce each word - any questions.) 
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(Hold up copy of Lesson 1) 

This lesson may be different for other lessons you have done. Here 
is how it works. The pages in your lesson will look like this: (Open 
any page after word list) This side (point) has questions for you to 
answer. The other side (point) has the correct answer. 

When you do the lesson you should cover the answers with the piece 
of cardboard like this. (Show thorn) . 

After you write your answer, to the questions move the cardboard 
down just far enough so that you can see if the answer you wrote Is 
correct. If it is go on to the next question. Let's do the first 
page together. (Go thru first page of questions) Remind them to 
move the strip and read the correct answer. 

If you make a mistake and find that the answer you wrote down is 
not right Just draw a line thru it and write the correct answer be- 
side It. 

(Do Question 1 on the Board Correcting an Error) 

By making corrections like this we will know which questions are too 
hard. 

Does anyone have a question? Go through the rest of the lesson by 
yourselves now. If you have any questions or come to any words that 
you do not know, raise your hand and I will help you. 

Write the exact time that it is now (Tell them) on the ftont cover 
where it says "starting tire." 
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When you finish write the exact time where it says finishing time . 11 

Take your time, so you v?ill understand and be able to answer questions 
later - go ahead. 



ERIC 
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Day 2 Instructions 



Good Morning — 

Today's lesson is just like yesterdays. You know how to use the card- 
boards so please check your name, fill in the name of the school, date 
and class, Now turn to the page which says " Word List 11 , Those who do 
not have such a page ma Y start work. 

[Go Through the Word List] 

Now continue with the lesson. Put the time it is now on the cover 
where it says "starting time," When you finish be sure to put the 
time you finish on the front cover. 

Remember if you have any questions just raise your hand and I will help 
you. 

Go ahead, 



O 
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Day 3 - Instructions 



1 lh 



Good Morning 

Please check your names t and write in the name o£ the school, grade 
and date on the third lesson, which we are going to do today. Today 
there are several different kind of lessons. Some of you have one 
kind, some have another. Those boy3 and girls who have no word list 
in their lesson may write down the starting time and start working. 

Those boys and girls who have Lesson 111 will have this word list. 

[Read - d List on Lohmoii ill] 

Now those boys and girls who have Lesson JV will have tills word list. 

[Read Word List on Lesson JV] 

You will not need your cardboard on every page today as answers are 
not given on every page. When you come to a page which has a line 
down the side like this 

[Shew them] 

Use the cardboard strips as you did in the other lessons. 

Go ahead. If you have any questions raise your hand. The Starling, 

tine is Remember to write the Finishing Lime on the lesson 

when you get done. 
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Day (; - Instructions 



Good Morning -- 

Todays lesson is the fourth lesson and for some of you it is the last 
lessen. Some of you will also get a test today so don't be surprised. 

I want to say again that you should not be worried 3bout the test. Just 
do your best. 

The lesson today is very much like yesterday's. Whet you come to n 
page which has a line down the side and which has the answers, just 
cover the answers with your cardboard and continue ns you have been 
doing, 

Now let us go through the word list 

[Go through the word list] 

Remember when you use your ruler to measure in inches. Write the name 
of the school etc, on the front cover, and the starting time which is 
. And if you have any questions , just raise your hand. 




f 



Day 5 Instructions 
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Good Morning — 

Today many of you will get a test. Some of you will get a lesson, 
followed by a test. Some of you will be tested at another time. We 
will go through the procedure* for doing the test. You will have a 
test booklet which has the questions and a sheet like this [show them] 
on which you put your answers. On the test booklet check your name 
and write the name of the school, grade etc. On the answer shr-et 
write your name, date and under the word " course 1 * put the school 
name, and your teacher's name under " instructor . " Do no t fill in 
anything above your name on the sheet. Let us go through the front 
cover of the test. [Read] [Tell them they have the special pencil 
#2] [Do the example.] Now those of you who have a lesson, 
look at the word list. [Go through the word list.] 

Your lesson is like the past two you have had. VJhen you come to the 
page with the answers, cover the answers with your cardboard as you 
have been doing. Remember to use inches when you measure with your 
ruler. Fill in the front cover. The starting time is 

Those who have neither a test or a lesson will have an assignment from 
your teacher. 




Go to work. 
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Test Instructions 
(For 11 and 21 Day Tests) 



We a: e back to test some more boys and girls in order to find out how 
much you re member from the lessons you did. Those of you who have a 
tcjt today should also have an answer sheet like this [Show then*} 
inside the test booklet, and you should also have a special pencil with 
a No. 2 on the end near the eraser, and a ruler. The test booklet 
has the questions and you should put your answers on the answer sheet. 



Check your name on the booklet, then write the name of the school, 
your grade and the date on the cover. Cn the arswer sheet, write 
your name, the date. Under the word “ course" put the name of the school, 
and under “ instructor M write your teacher’s name. Do not fill in 
anything above your name on the sheet. Let us go through the in- 
structions on the front, cover of the test. 

[Read the Instructions and Do the Examples] 

Any questions? Go ahead. 




Appendix C 
Sample of 
Lesson Material 
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Lesson on the Concept 



PARALLELOGRAM 
Presented in the 
Expository Mode 
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Hello, 

Yesterday you learned how to tell whether or not a figure Is a 
quadrilateral. You learned that any figure whirh has tour and only four 
sides is called a quadrilateral. You also learned how to tell whether 
or not a quadrilateral is a rhombus. You learned that a quadrilateral 
which has four sides all equal in length is called a rhombus. Today 
you will learn about two more special kinds of quadrilaterals, 
parallelograms and trapezoids. 

Remember that when learning about these figures you need only look 
at the sides. Find out if they are the same length or not and whether 
they are parallel or not. You do not have to think about anything else 
like whether the figure Is big or small, or thin or fat, or straight or 
turned around. Just think about the sides . You will learn about the 
figures. 
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1. The next special kind of quadrilateral we will study is 
called a parallelogram. This figure is a parallelogram. 
A parallelogram has two pairs of parallel sides. Look 
carefully at the following figures and see how they are 
alike and how they are different. 




If you use your ruler you will find that sides AB 
and DC are parallel. You will also find that sides 
AD and BC are parallel. Opposite sides of a parallelogram 
are also equal in length. The measures of the line segments 
in this figure are given below. Use your ruler if you 
wish to check them* 

AS is 2 inches long. 

T5IT is 2 inches long. 

AF is 1-1/2 inches long. 

* 

TO is 1-1/2 inches long. 



O 
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2 . 




This is not a parallelogram. It does not have 2 pairs of 
parallel sTdns . SB Is not parallel to TO and AD is not 
parallel to TO. Opposite sides are not 'qual. Check the 
measures below. 



AD is 1 inch long. 

ATT is 1 inch long. 

CTT is 1-1/2 inches It 
CIT is 1-1/2 inches long. 

AB / DC i AD ^ BC. means not equal to) 



3* Now look at this drawing. 




This is a parallelogram. Il has two pairs parallel sid 
XB Is parallel to TO and XT) is parallel to BC, Check with 
your ruler if yon visit. Opposite sides are also equal. 
The measures of the sides are given below. Check them ll 
wl 8h * 



"ATT 


Is I 


i-i fh 


i nches 


long,. 


ffi? 


is 1 


i-i//» 


inches 


long. 


Xi» 


is 1 


11 iu 


inches 


long* 


no 


is 1 


L-l M 


Inches 


lor,» . 


Mi 


* DO ami 


73) « bc. 




e N , 



you 
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4. Here is another drawing. 




Ihis I s nul a parallelogram. It does not have two pairs of 
parallel sides. You will notice that you have one pair of 
parallel sides but not two pairs* 

AB and CD a»*e parallel. 

AD and BC arc not parallel. 

Notice also that AJ) is longer than BC. 




Look at those measures of the sides and you will see* 

AB is I - 1 /A inches long. 

DC is t-1/4 inches long. 

CB is 1-1/4 inches long. 

AD is 1-1/4 inches long. 

Not tee that AR * DC and CB «= At). 

This figure must also have two pairs ot parallel sides. Jt you 
us*' yout inlet to cheek yon will also find that 7dT is parallel 
to T)C and CB Is parallel to AD. 
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f> . And tills a para lie logram. It has two pairs of parallel 
sides. Opposite sides are also equal. 




Check the measures of the std^s 
written below. 

7Tb ir 1/2 inch long. 

DC is 1/2 inch long. 

CB is 2 inches long. 

AD is 2 inches long. 

If you use yo ur ruler you will also find that AB is parallel 
to DC and AD is parallel to RC. You know that all the 
figures in questions 1, 2, 3, 4, 5, and 6 are 

quadrilaterals. There are two ways you can tell whether 
or not they arc parallelograms* 

1. If there are two pairs of parallel sides; or 

2. If opposite sides are equal in length. 
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13. The first six figures you studied (questions 1 to 6) were to 
Kelp you learn how to tell whether or not a figure wa3 a 
parallelogram. In case you are not sure, we are going to look 
at six more figures. These should help you know for sure 
whether or not a figure is a parallelogram. First, we must be 
sure you can remember the word parallelogram itself. Repeat 
it a couple of times to yourself: parallelogram, parallelogram, 

parallelogram. Now write the word parallelogram here. 

Remember what we said at the 

beginning of the lesson about describing a figure in terms of 
its sides and nothing else, book again carefully at the next 
six figures. Notice which are alike and how they are alike. 




If you use your ruler you will find that sides AB and DC are 
parallel. You will also find that sides AD and BC are 
parallel. Opposite sides of a parallelogram are also equal. 
The measures of the sides in this figure arc given below. 

Use your ruler if you wish to check them. 



IS. 



AB is 2 1/2 inches long. 
DC is 2 1/2 inches long 
AD is 1 Inch long. 




to BC. Opposite sides are not equal. Check the 



pairs »f 
is not parallel 
measures below. 



AB is 1 1/2 Inches long. 
DC is 1/2 inch long. 

AD Is 1 1/2 i.ehes long. 
BC is 1/2 inch . long. 

AB* 4 DC} AD 4 BC 




I 
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This is a parallelogram. I t has two pairs of parallel sides. 

AB is parallel to DC and AD is parallel to BC. Check with 
your ruler if you wish. Opposite sides are also equal. The 
measures of the sides are given below. Check them if you wish, 

AB is 1 Inch. 

DC Is 1 inch* 

AD Is 1 Inch. 

BC is 1 Inch. 



17 . 



Here Is another drawing. 




This Is not a parallelogram. It doec not have two pairs of 
parallel sides. Notice that it has one pair of parallel sides 
but not two pairs. 



AB Is parallel to DC* 

AD la not parallel to BC* 
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18. 



And now look at this figure. 



A 



D 



8 



Tills figure jj) a parallelogram, Look at these measures >f 
the sides and you will see. 



AB Is 2 inches long* 
DC Is 2 inches long. 
AD Is 2 inches long* 
BC Is 2 inches long* 



19. And this i£ a parallelogram, It has two pairs of parallel 
sides. Opposite pides are also equal. 




Check the measures of the aides written below, 

AB is 2 1/2 Inches long* 

CD is 2 1/2 inches long* 

AD is 1/2 Inch long* 

BC is 1/2 Inch long* 

If ;jju use your ruler you will also find that AB is parallel 
to vC and AD is parallel to BC. 

You know that the last six figures are al* quadrilaterals. 
There are two ways you can tell whether or not they are 
parallelograms. 

1. If there are two pairs of parallel sides! or 

2. If opposite side3 are equal In length. 




20. Using a ruler, connect as many points 

as you need to finish the figure to * 

make a quadrilateral that Is not a 
parallelogram. 

• • 



21. Using a ruler, connect as many points 
as you need to finish the figure so 
it is a parallelogram . • 



• 1 



22. All parallelograms have something 
special that not all quadrilaterals 
have. Parallelograms have __ ______ 

pair(s) of sides. 



23. List a’.l that is needed to completely 
describe parallelogram . 



•i'i 



24. Using a ruler, connect as many points 
as needed to close the figure so it 
has 2 pairs of parallel sides. 







25. 



Using a ruler, complete this figure so 
that It Is a quadrilateral but not a 
parallelogram. 




26. Using your rule$ complete this figure 
so that it i£ a parallelogram. 



Lesson on the Concept 
PARALLELOGRAM 
Presented In the 
Discovery Mode 
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Hello, 

Yesterday you learned how to tell whether or not a figure is a 
quadrilateral. You learned that any figure which has four and only 
four sides is called a quadrilateral. You also learned how to tell 
whether or not a quadrilateral Is a rhombus. Yon learned that a 
quadrilateral which lias oil four sides equal In length Is called a 
rhombus. Today you will learn about two more special kinds nl 
quadrilaterals, parallelograms, and trapezoids. 

Remember that when learning about these f'.gures you need onlv look 
at the sides. Find out if they are the same length or not and if 
they are parallel or not. You do not have to think about anything else 
like whether it is big or small, or thin or fat, or straight or turned 
around. J ,- st think about the sides. You will learn about the figures. 
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1. The next special kind of quadrilateral we will study is called a 
parallelogram . The next six problems will help you tell whether 
or not a figure is a parallelogram. Look at them carefully and 
notice how the figures me alike and how they arc different. 

Here Is the first figure. 




Vsc your ruler to find out some things about sides AH 
and DC. Did v'ou measure them? How long art* they? 

Aft Is inches long. 

DC is inches long. 

What else did you notice about AB and DC? Check again and 
write what you find out here. 



What about Al) and BC? 

AD is ^ inches long. 

B * is inches long. 

What else did you notice about AD anti RC? 



Is AD parallel to KC? 
Is AB parallel to l)C? 
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AB, AD, 


CB f and CO* 




At) 


is 


indies 


long. 


AH 


Is 


inches 


long. 


c:b 


is 


inches 


lon^. 


CD 


is 


inches 


long. 



Is AD parallel tu BC? 

Is AB parallel to DC? . . 

How is tills figure different from the figure in the last question? 





Measure the sides* 



AB 


is 


inches 


long 


CD 


is 


inches 


long 


AD 


is 


inches 


long 


RC 


is 


inches 


long 



Can you see hcrv this is different from the figure in Question 

Use your ruler* Say how you think the figure in Question 3 
is different from ^he figure in this question. 



Is AD parallel to BC? 
Is AB parallel to DC? 
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)• Now look at this drawing. 




Metis 11 re the sides. 



AB 


is 


Inches 


long. 


DC 


1 s 


inches 


long. 


AD 


is 


in dies 


long. 


BC 


Is 


inches 


long. 



Is AB parallel to DC? 

Is AD parallel to BC? 

How is this different from the last figure? 



iiow Is it like the figure in Question 1? 



O 
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'> . Ami now look at this figure. 




AB 


is 


Inches 


long. 


AD 


is 


inches 


long. 


cb 


is 


inches 


long. 


CD 


is: 


inches 


long. 



What else do you notice about the sides? 



J s AD parallel to BC? 
Is AB parallel to DC? 



COPY •ftccr 
AVAIIA81E AT WE U E D 
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6. Here is another figure. 




B 



Write the lengths of the sides here. 

73T ts inches long, 

DC Is inches long, 

CB is inches long* 

j)A is ______ inches long. 

Use your ruler and say what you note about sides AB and DC 
and AD and BC besides the lengths. . 



Is AD parallel to BC? 
Is AB parallel to DC? 
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7. Of the Ins t six figures, four were alike and two were different. 
What are the numbers of the four which were alike? 



8, Kemembor what we said at the beginning of Lho lesson about 
describing figures by saying something about sides. Say how 
you think that the four figures you named in the last question 
are alike. 



Each of the four figures which are alike is called a 
parallelogram . 



17. T li e first six figures you studied (questions i to 6) were to help 
you learn how to tell whether or not a figure was a parallelogram. 
In case you arc not sure, we are going to look at six more figures. 
These should help you know for sure whether or not a figure is a 
parallelogram. First, we must be sure you can remember the word 
parallelogram itself. Repeat it. a couple of times to yourself: 
parallelogram, parallelogram, parallelogram. Now write the word 

parallelogram here. 

Remember what we said at the beginning of the lesson about describ- 
ing a figure in terms of its sides and nothing else. Look again 
carefully at the next six figures. Notice which are alike and how 
they are alike. 



0 
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18. Here is the first Jigurc. 
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Measure the sides AB and DC* 

AB Is inches long. 

DC is inches long. 

What else did you notice about AB and DC? Check again and 
write what you find out here. 



Measure sides AD and BC 

AD is inches long. 

BC is inches long. 

What else did you notice about AD and BC? 



is AD parallel to BC? 
Is AB parallel to DC? 
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19. Look at this figure. 




B 



Measure the -sides AI5 , Al), CB, and CD. 
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AJi 


Is 


Inches 


long. 


Al) 


is 


inches 


long. 


CB 


is 


inches 


long. 


CD 


is 


inches 


long. 



Is AD parallel to BC? 

Is AB parallel to DC? 

How is this figure different from the figure in the last question? 
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20. Now look at this drawing. 




Measure the sides. 



AB 


is 


inches 


long. 


AD 


is 


inches 


long . 


nc 


is 


inches 


long . 


DC 


is 


inches 


long. 



Is At parallel to DC? 

Is AD parallel to BC? 

How is this figure different from the last figure? 



How is this figure like the figure in question 18? 
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21. Here is another drawing 




Measure the sLdes. 



Ab is indies long. 

CD is inches long, 

AD is i nc hes long. 

BC is inches long. 



Can you see how this figure is different from the figure in 
question 20? Use your ruler. Say how you think the figure in 
question 20 is different from the figure in this question. 



Is AD parallel to BC? 
Is AB parallel to DC? 
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22 . And now look at this figure. 

A. 



i c 

inches long, 
inches long, 
inches long, 
inches long. 



Measure the sides. 

AB is 
CD is 
AD is 
BC is 



What else did you notice about the sides? 



Is AB parallel to DC? 
Is AD parallel to BC? 




23. And here is another figure. 



A 




Write the lengths of the sides here. 



AB 


is 


inches 


long. 


CD 


is 


inches 


long. 


AD 


is 


inches 


loig. 


¥c 


is 


inches 


long. 



Use your ruler and say what you notice abouL sides AB and DC 
and sides AD and BC besides the length. 
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24. Ln the lagt six examples, four were alike and two were 
different. What are the question numbers of the four 
which are alike? 



18, 20, 22, 23 



25. Remember what we said at the beginning of the lesson 

about describing figures by saying something about the 
sides. Say how you think that the four figures you 
named in the last question were alike. 



Two pairs oT 
opposite sides 
wers equal in* 
length and two 
pair of 

opposite sides 
were parallel. 
Quadrilaterals 
which have 
two pairs of 
opposite 
sides equal 
in length 
and two pair 
of opposite 
sides 

paral lei are 
called 

parallelograms . 
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26. Using a ruler, connect as many points ^ 

as you need to finish the figure to 
make a quadrilateral that is not a 
parallelogram, 

• t 



27, Using a ruler , connect as many points 
as you need to finish the figure so 
it is a pnral lo logran . 



• * 



28* All paral ielograms have something 
special that not all quadrilaterals 

have. Parallelograms have 

pair(s) of sides. 



29. 



List all that is needed to completely 
describe para ll elogram . 




30. Using a ruler, connect as many points 
as needed to close the figure so it 
has 2 pairs of parallel sides. 
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31. Using a ruler, complete this figure so 
that it is a quadrilateral but not a 
parallelogram. 




Using your ruler complete this 
figure so that It Is a 
parallelogram. 
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